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MEASUREMENT FOR ECONOMIC MODELS* 


STANLEY LEBERGOTT 
Bureau of the Budget 


Three chief subjects are considered. (1) How accurate 
should data be for economic analysis via economic models, 
particularly input-output models? Preference is expressed for 
measurement of additional aspects of economic phenomena 
rather than broadside improvements in generally sound series. 
(2) How can models be developed to utilize imperfect data? 
Several suggestions are made: (a) examine the concepts and 
methods lying behind the basic data; (b) question models 
acutely sensitive to the inclusion of a single observation; (c) 
evaluate the economic meaning of models after empirical 
testing; (d) set up check models. (3) How can more adequate 
data be developed? A proposal is outlined for an integrated 
set of data on financial aspects of business, and for similar 
integration of data on employment and on consumer eco- 
nomic behavior. 


ORE than half a century has passed since Marshall first sketched 
M a system of equations which could be developed “until they em- 
braced within themselves the whole of the demand side of the problem 
of distribution.” In that period the development of systems of equa- 
tions, or models, has become a commonplace in economic study. Have 
our measurements kept pace with the demands which such systems 
place upon them? Three central questions can be set out for considera- 
tion: 

1. How accurate should economic data be for model building? 


2. How can models be developed to utilize imperfect data? 
3. How can more adequate data be secured? 





*A paper presented at the annual meeting of the Econometric Society, December, 1952. The 
opinions expressed are not necessarily those of the Bureau of the Budget. 
1 Principles, (London, Macmillan, 1916) Mathematical Appendix, Note xiv 
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I 


How accurate should economic statistics be for model building? 
Clearly we do not wish them to be as accurate as possible: no one is 
prepared to devote the time and money required to achieve this end. 
We could, for example, immediately improve our estimates for gross 
national product, gross private domestic investment, new construction, 
personal consumption expenditures, incomes of unincorporated enter- 
prise, personal savings, net realized farm income, index of prices paid 
by farmers, parity income index, and a host of other series if we had 
substantially better data on how much farmers spend for hammers and 
nails. We could reduce apparent inconsistencies between three sets of 
data on food consumption—Department of Agriculture estimates of 
food disappearance, the food component of the gross national product 
series, and the Census of Business data on food sales at retail—if we 
had a comprehensive study of food consumption outside private 
households.. These projects, however, certainly lack the glamor and 
usefulness of many other projects; and it is most unlikely that funds 
could be secured to carry them out. 

For general economic analysis, whose questions have been with us 
for a good many years, it is clearly difficult to demonstrate how ac- 
curate statistics should be. Nearly half a century ago, for example, 
Alexander Dana Noyes analyzed a period of recession, using statistics 
which reported a 50% decline in iron output, a 25% fall in textile out- 
put, a 55% rise in commercial failures and a 12% drop in railway 
receipts.? In 1886 Carroll Wright reviewed the course of the 1882-85 
depression, noting the proportion of establishments idle and the num- 
ber of business failures reported by R. G. Dun, commenting on steel 
and coal production series, on savings bank deposits and price trends, 
and concluding that the depression caused a “crippling of the consum- 
ing power of the people” but that “the volume of business transacted 
is not crippled comparatively to any such extent.”* 

Since these early days there have been obvious and welcome im- 
provements in the accuracy of our data on industrial production and 
prices—to mention but a few. Yet if we review the reports in business 
magazines, the annual reviews of the Council of Economic Advisers 
and the Congressional Joint Committee on the Economic Report, can 
we state with assurance that such improvements have made any sig- 





2 A. D. Noyes, Forty Years of American Finance (New York, Putnam, 1909), p. 377-78. 
3 First Annual Report of the Commissioner of Labor, March 1886, Industrial Depressions (1886), 
p. 70. 
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nificant difference in the ability with which businessmen or government 
officials can evaluate economic trends? 

Is the issue any clearer for model builders? Professor Morgenstern 
has pointed out as “obvious” that in large scale numerical operations 
such as those involved in inter-industry analysis “only very high 
quality data” should be used—given the extent of the numerical op- 
erations and their considerable cost.‘ 

In actual practice how should such a prescription be applied? One 
of the dubious rows in the comprehensive and invaluable 190 by 190 
inter-industry matrix which the Bureau of Labor Statistics recently 
prepared is that which distributed the output of “other repair services.” 
The row for retail trade is only somewhat less dubious. Statisticians in 
the BLS and elsewhere have clearly recognized the inadequacies of 
these data and insisted on the desirability of improving them. Yet in 
the actual use of the model can we expect different policies to be pur- 
sued, or even suggested, if the aggregate demand for “other repair 
services” or for trade services differs by 1%—by 10%—by 20%? 
Probably not. On the other hand variations of 10% in the projections 
for copper demand might well be significant. Proceeding further, does 
this mean that all the coefficients indicating demands for copper by 
particular industries should be improved? Not necessarily. Of an es- 
timated $1.3 billions in gross domestic output of copper in 1947, only 
some $200,000 was used by the industrial inorganic chemical industry. 
Clearly it is more important in terms of the final use of the matrix to 
improve not the coefficient for copper use by this industry but rather 
for use by the insulating wire industry, which consumed $345 millions— 
or even better, by the new construction industry which, on the crudest 
kind of data, was estimated toe consume $162 millions. 

Let us look at this from another viewpoint. As the size of the chart 
grows the size of the average coefficient diminishes—as does the likeli- 
hood that the error in estimating any given coefficient will significantly 
distort the estimates of output which are derived from models using 
the matrix. Hence the case for broadside improvements of data de- 
creases in potency.® 

It is particularly unfortunate that so many important studies of the 





4 Oskar Morgenstern, On the Accuracy of Economic Observations (Princeton, Princeton University 
Press, 1950), p. 39. 

5 Offsetting errors within a closed system will, of course, further minimize errors of estimate- 
However, there is no clear assurance that they will offset within the area of particular interest—e.g. 
demand for a particular industry’s products—and a fortiori this argument does not apply in the usual 
open system. 
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stability of input-output coefficients, of the accuracy with which pro- 
jections are made by models using input-output matrices, should have 
emphasized average errors or across-the-board accuracy.® Let us con- 
cede that it is useful to possess such overall measures. At the same time 
we must note that these measures are unrealistic—unrealistically 
harsh on input-output models as well as unrealistically easy on them. 
They are overly harsh because a complete improvement of all co- 
efficients is certainly not to be achieved: it would cost as much as 
dredging a yacht basin or similar projects to which a distinguished sena- 
torial economist has called attention. 

Yet at the same time they are too generous insofar as they permit the 
implication that errors in estimating the total output of steel are no 
more forbidding than equal errors in estimating the total output, say, 
of trade. Clearly the difference is critical if such projections are not de- 
signed as mere mathematical exercises but intended for potential 
policy use. 

Harold Barnett’s valuable study makes it possible to empasize this 
distinction.’ From his data we can contrast how the errors made in 
projecting the actual 1950 indexes of output for all industry groups 
compare with those for subtotals of separate industry groups. Let us 
set up two categories—one to include industries for which input-output 
projections would be of lesser interest since they would probably not be 
limiting elements in a full employment or mobilization situation— 
e.g. agriculture, food processing, etc.* The second group would include 
chemicals, metals transport, and the more limiting industries. In the 
consumption model the average errors in projecting 1950 indices by 
the 1939 input-output matrix were as follows: 

All industries: 31.5 index points 
“Less limiting” industries: 23 index points 
“More limiting” industries: 36 index points 


In the investment model the differences were even more marked; 
errors for the more critical industries were 41, or almost double the 21 
for the less critical industries. 





* Cf. inter alia Selma Arrow, Comparisons of Input-Output and Alternative Projections, 1929-39 
(The Rand Corporation, 1951). 

W. W. Leontief, The Structure of the American Economy, 1919-89 (New York, Oxford University 
Press 1951), pp. 216-18. These figures have been superseded by a comparison for 1950 outputs using 
the 1939 matrix in an unpublished memorandum by Professor Leontief and J. Fei. To some extent 
Waugh’s analysis as applied by Christ is an exception. Cf. Part III of Carl F. Christ, “A Review of In- 
put-Output Analysis,” in Conference on Business Cycles (New York, National Bureau of Economic Re- 
search, 1951). 

7 Harold Barnett, Specific Industry Output Projections (The Rand Corporation, 1951), Table 4 
gives deviation in index points from actual 1950 output levels. 

8 Agriculture, food processing, lumber, furniture, wood and paper, printing, textile, apparel and 
leather. 
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The inference I would draw from all this with respect to the im- 
provement of data for input-output and similar models is that we 
attempt increasingly to separate the sheep from the goats: industries 
with reasonably well behaved coefficients where erroneous projections of 
their output would involve small losses should be estimated as ac- 
curately as possible once—and thenceforth given second place in our 
attention relative to a very limited number of industries (such as steel 
foundries, primary copper, etc.) and the vast area of guessing the 
exogenous variables. To some fair extent this is what has been done in 
empirical research on input-output coefficients. We clearly do not re- 
quire the mammoth sample survey of all manufacturing industries 
which has been proposed in the past in order to produce coefficients for 
all industries of “a very high quality.” 

All of which still does not solve our initial question. We may agree 
that neither improving the accuracy of all economic data nor achieving 
maximum accuracy for most data is a practical aim. But how accurate 
should any such data be? The question, I think, can only be solved in 
ambulando. There is no easy way of calculating the probable loss which 
results from errors in estimating economic data of the kind used by 
most econometricians. This is true because policy decisions do not 
usually rest on a single datum, a single series nor a single model. And 
it is even truer because errors in the choice of a model can have a far 
more critical impact than errors in the data.® It is up to the data pro- 
ducers, model builders, and data users generally to express their judg- 
ments on what levels of error are so intolerable that they believe more 
money should be spent for improving the data. 

I should like to express a general preference for additional measure- 
ment series rather than improvements in existing series or data. Let 
us grant the obvious exceptions and assume, moreover, that the data 
are collected by persons with at least a minimum budget and minimum 
statistical competence. Then I think it can safely be said that knowl- 
edge about additional aspects of our economy will generally make a 
greater contribution to sound theory and sound policy than will im- 
provements in the accuracy of existing series. 

As one instance let me cite the patient and ingenious labors which 
produced Fabricant’s index of manufacturing output.!® The increases 
in accurate detail have been invaluable. Yet so far as concerns the 
totals for industrial production—and it is these which are used so 





* The post-war forecasts erred because of the choice of model, the choice of consumption functions, 
because of ignorance about the way the labor market functions, business plans, business reaction to tax 
schedules and so on. Errors in the data were of small moment. 

10 Solomon Fabricant, The Output of Manufacturing Industries, 1899-1987. (New York, National 
Bureau of Economic Research (1940). 
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widely in economic models and policy decisions—the resultant index 
differs little from the one which Day and Thomas developed from far 
worse data with far less work." Furthermore, neither index for total 
manufacturing would differ greatly in movement over the years from a 
very crude combination of output indices for textiles and iron and steel. 

A similar consideration is apparent when one compares the recently 
revised and unrevised FRB production indexes, wholesale price in- 
dexes, etc.” 

The substantial differences in series occur when a responsible in- 
vestigator with a reasonable minimum of resources, cooperation and 
time first develops a series on a sound conceptual basis. Further im- 
provements may be real; they certainly are hard won and usually ex- 
pensive. They usually profit the model builder very little.” 

In pressing for improved measurement in economic statistics the 
model builder would be well advised to give increased attention to the 
basic opportunity cost question. That question is this: do we improve 
our understanding of a particular economic phenomenon more by im- 
proving still further a particular series (or datum) or by adding new 
series on yet uncharted aspects of the phenomenon? 


II 


Given the present existence, and probable persistence, of errors in 
economic observation what is the model builder to do? How is he to 
build models for utilizing imperfect data? Models allowing for a 
random run of disturbances have been developed—well developed—in 
recent years and there is hardly need to recommend their use to econo- 
metricians. But if we are concerned with biased data, where acute errors 
are possible—and those not randomly disturbed—some alternative 
action is required. 

A. The first requisite for the model builder is to examine the con- 
cepts and broad methods of estimation used in deriving the data which 
he incorporates into his model. I realize that this may be considered 
an undue burden; developing a sound model is a more than sufficient 
labor. Yet the alternative is even more unsatisfactory. 





11 E, E. Day and W. Thomas, The Growth of Manufacturee, 1899 to 1923 (Washington, Government 
Printing Office (1928), pp. 34, 94. With 1939 =100, the 1899 estimates are 28 for Fabricant and (32) for 
Day-Thomas. Succeeding estimates are 34(39), 43(51), 51(55), 61(69), 54(54), 77(85), 82(88), and 
87 (88). 

12 The examples may be new, but the observation is an old one. Cf. Wesley Mitchell, History of 
Prices During the War (Washington, Government Printing Office, 1919), p. 28, where he indicates the 
similarity between the BLS index, based on 350 commodities, and the War Industries Board index 
based on 1,474 commodities. 

18 None of this, of course, bears on the question of what topics happen to evoke the abilities of re- 
search workers: if first class statisticians are willing to toil for years in the statistical salt mines, theirs 
is—and should be—the choice of mines. 
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Let us consider, for example, the ill charted and forbidding area of 
consumption projections. Klein is outspoken in asserting that “to 
many of us engaged in econometric work it became obvious in the sec- 
ond half of 1947 that the most serious deficiencies in the existing 
models lay in the consumption equation and in the group of relations 
serving to determine absolute prices.’ Despite the wealth of data 
available on the subject, the relations between consumption and in- 
come continue to baffle projectors. On the one hand the budget surveys 
uniformly report that the proportion of income saved is greater at upper 
income levels than at lower ones. On the other hand Kuznets’ data on 
capital formation seem to indicate that the aggregate consumption 
function has not changed perceptibly in the past sixty years when in- 
comes have risen so. 

In an acute discussion of the factors affecting consumption Professor 
Fellner has emphasized that 


The most obvious characteristic cf the historical consumption function, as 
calculated from Professor Kuznet’s estimates, is that it does not show a 
tendency to flatten out. It tends to linearity regardless of the varying popu- 
lation growth of the subsequent historical periods.* 


A recent path breaking study on consumer behavior similarly notes 
that “the Kuznets’ data do not show any trend in the savings ratio,” 
suggesting that even if their level were incorrect they “allow us to 


make a judgment about the movement of the savings ratio.’’® 

Reference to the basic sources indicates that to a very great extent 
this constancy exists because it was estimated that way. (And, inci- 
dentally, it was estimated that way because a sensible model indicated 
that to be the best method of estimate.) 

More specifically: the consumption function relates consumption to 
net product. The latter consists of two segments: consumption and in- 
vestment. Obviously consumption correlates perfectly with itself. But 
the investment segment also will reveal a high correlation with con- 
sumption because of the method of estimate. Let us consider in turn 
each of the components of the investment total. 

a) Inventory change. Changes in manufacturing, trade and “all other” 
inventories—together accounting for more than half the total inventory 
change in most years—are estimated by constant ratios to output.” 





14 Conference on Business Cycles (New York, National Bureau of Economic Research 1951), p. 117. 

15 William J. Fellner, Monetary Policies and Full Employment (Berkeley, University of California 
Press, 1947) p. 56. Cf. also Paul Samuelson, in Seymour Harris ed. Postwar Economic Problems (New 
York, McGraw Hill, 1943), p. 33. 

18 James Duesenberry, Income, Saving and the Theory of Consumer Behavior (Cambridge, Harvard 
University Press, 1949), p. 56. 

17 Simon Kuznets, National Product Since 1869 (New York, National Bureau of Economic Re» 
search, 1946), pp. 109, 110. 
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Now since a heavy proportion of total output is output of consumer 
goods, this method of estimate means that these inventories will neces- 
sarily fluctuate with consumer expenditures. Changes in inventories of 
livestock represent a further link, since livestock slaughter (a com- 
ponent of consumer expenditures) was estimated, in the original De- 
partment of Agriculture source, by applying ratios to inventories.'* 

b) Construction. The output of construction materials was used (with 
a weight of one, plus semi-durables with a weight of two) to interpolate 
estimates of consumer durable output between census dates.’® This is a 
further link between the consumer and producer segment estimates. 

c) Producer durables. The basic trends for producer, as for consumer 
durables, derive from the 1869, 1879, and other Census date totals esti- 
mated in William Shaw’s comprehensive and fundamental study.”° For 
most durable categories Shaw extrapolated 1914 and 1909 totals to 
earlier years by using a constant ratio to split Census group totals 
between consumer and producer durables.” The procedure assumes, for 
example, a constant ratio of consumer to producer goods in the output 
of furniture, sewing machines, foundry and machine shop products, 
etc. Thus 67.7% of all sewing machines were assumed to be household 
machines in every Census year from 1869 through 1909, with the bal- 
ance classed as business use.” Other constant ratios (under 100%) were 
used for furniture, heating and cooking apparatus, appliances, cutlery, 
etc. For an important class of items Shaw made the reasonable assump- 
tion that none were bought by producers, all by consumers, at each of 
the Census dates. These include “family and pleasure” carriages and 
wagons, pianos, organs, rugs, glassware, books, etc.* 

So far as concerns the level of commodity flow results, or even many 
broad economic trends these decisions raise no question: a responsible 
estimator cannot arbitrarily vary ratios without some data to which to 
tie. But if we are concerned with something as precise as the constancy 
of the historical consumption function, we should decide how critical 
was the decision to assume that the rising number of apparel firms 
did not affect the proportion of all sewing machines bought by business, 
or the assumption that the growing number of restaurants and hotels 
did not change the proportion of all dishes and cutlery they bought, 





18 F, Strauss and L. Bean, Gross Farm Income and Indices of Farm Production and Prices in the 
United Stotes, 1869-1987, (Washington, Government Printing Office, 1940), p. 106. 

19 Tbid., p. 95. 

20 William H. Shaw, Value of Commodity Output Since 1869 (New York, National Bureau of Eco- 
nomic Research, 1947) 

21 Ibid., Table III. 

22 William N. Shaw, op. cit., p. 161. For 1879-1909, 3.1% of the reported total is excluded as 
unfinished. 

% Ibid., Table III and Note B to Table III. 
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etc. When we come to use the data in economic models, we must not 
try to explain any constancy of savings ratios in final series if it rests 
ultimately on the constancy of arithmetic ratios used in the estimating 
process. 

B. In addition to a careful examination of the methods of estimate a 
second step is to question models which are acutely sensitive to the 
addition or subtraction of a single observation—such as that for a 
single year or a single industry.* 

A recent model which appears to be in this category is Modigliani’s 
savings model. Modigliani defines consumer saving as a function of 
the current year’s income and highest previous year’s income as meas- 
ured by @ cyclical income index. The model provides a beautiful fit for 
the 1921-40 period. If, however, we simply add the values for 1941, 
as provided in the appendix to Modigliani’s study, we derive an esti- 
mated 1941 value so far in error that it cannot even be plotted on the 
chart he shows.* 

His particular equation for allowing for the influence of previous 
years’ incomes essentially states this—that for the entire decade of the 
1930’s the consumers continued to hark back to the halcyon 1929 level 
of incomes in deciding how much money to spend. However, the same 
model indicates that the consumer’s frame of reference—say for decid- 
ing on his 1937 saving—would swiftly move forward six years from 
1929 to 1936 if the 1936 total were a mere 4% greater.?” (It would inci- 
dentally, take a courageous man to assert that Commerce 1936 in- 
come estimate is accurate to within 4%). 

A fairly simple method to keep from implying that such drastic 
changes in consumer behavior occur when a single observation is 
changed slightly or added to previous ones would be to drop what is 
essentially a function based on ranking in favor of one based on a 
direct measure of magnitude. The latter would be less at the mercy of 
minor variations in source reporting or estimating techniques.”® 

Apparently, the basic equation for the demand for labor in Christ’s 





™% Carl Christ wisely points out that if there were really a sharp change in important economic rela- 
tionships then a model might properly be acutely sensitive to the addition of post-change data. One 
might add that economic relationships generally change so slowly that we should question both the 
data and the model, before we conclude that a sharp change in relationship has, in fact, occurred. 

% Franco Modigliani, “Fluctuations in the Saving-Income Ratio: A Problem in Economic Fore- 
— in Studies in Income and Wealth, (New York, National Bureau of Economic Research, 1949), 

ol. XI. 

* Franco Modigliani, op. cit. p. 380. 

37 The only consolation indicated is that since 1941 income levels were above any prior year 1929- 
40 the gain is defined as being a secular, and not a cyclical one. Consider the economic meaning of this. 
If per capita income rises $100, this is $100 of cyclic increase; if it rises $101, none of it is cyclical. 

%8 A distributed lag approach was wisely suggested by Leontief; Modigliani noted that he had tried 
this and secured worse results. But less precise correlations based on due recognition of data shortcom- 
ings are to be preferred to the converse. 
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limited information version of the important Klein model III is almost 
equally delicate. By adding two observations to the 21 year run from 
1921 through 1941—which had included short recessions, deep depres- 
sion, and continued prosperity—Christ obtains a projected 1948 de- 
mand for labor which Klein reservedly calls “fantastic’—a comment 
echoed by Christ.?* This, moreover, is no trivial or paltry incidental 
equation: it is fundamental to the model. It seems a striking fact that 
the disturbances which were trivial and random in Klein’s limited in- 
formation estimates become substantial and nonrandom in Christ’s 
versions: they are negative for 1924, 1927, 1930, and other recession 
years, but positive (with one exception) for all other years.*° 

Christ assumes that the problem lies in the limited information 
method at least as much as with the equation. There is merit in this 
argument—but not enough. While the limited information solution 
actually blows up the standard error of disturbances even for the 
least squares solution is sufficiently disturbing—rising from .96 to 1.47 
when Christ adds these few years to the original run. Klein favors errors 
in the basic data—particularly pointing to inadequacies in the BLS 
consumers price index. While the price data are dubious this is only 
part of the answer." It would appear that the chief difficulty lies in the 
fact that Christ’s calculations imply only a $9 billion rise in consumer 
expenditures from 1946 to 1947, whereas the Commerce data (pub- 
lished after his original work) report on $17 billion rise—reason enough 
to show the inconsistency between output and employment data which 
he and Klein discuss.*® What is more important than the particular 
reason is the fact that any system which is so sensitive to the addition 
of several observations would seem to fall into the “handle with care” 
class. 

C. There is a third consideration for model builders to bear in mind 
when using data—particularly imperfect data. And that is the need to 
evaluate the economic meaning of econometric models after empirical 
testing. Just as we will accept a sampling procedure which gives 
biased results provided the total errors are considered satisfactory so 





29 Carl Christ, “A Test of an Econometric Model for the United States, 1921-1947” in Conference 
on Business Cycles (New York, National Bureau of Economic Research, 1951), p. 124. 

30 Tbid., p. 105. 

31 Using the BLS and BAE sources which Christ notes (ibid., p. 91) one can estimate his price rise 
from 1946 to 1947 at 16%. This may be compared with the 10% gain shown by the deflator given the 
1951 National Income Supplement, p. 146. 

32 Taking Christ’s consumption data from his study (ibid., p. 90) and applying the 16% rise com- 
puted above indicates a rise in consumption in current prices of $9 billions—as compared with a rise of 
$17 billions in the comparable Commerce consumption expenditure totals, (exclusive of imputed rent.) 
For the discussion by Klein and Christ, see ibid., pp 98-101 and 114-15 especially. The error apparently 
arose in the use of regression procedures to extrapolate the Commerce figures. 
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we should prefer a model with greater resemblance to the economic 
world instead of one that has somewhat less error and distinctly less 
meaning. 

It is instructive on this point to consider the recent study in which 
Tobin sets up a sensible model of the food market, combining budget 
data and time series data with equal parts of care, agility and aplomb.* 

Tobin posits the following model of the retail food market :* 


S, = KY¢s: Yin'sP£Qi7 


where S‘ is per capita food supply for domestic consumption, Y' is 
disposable income, P represents food prices and Q, all other prices. 

Converting to a reduced form and rewriting, he developed his sys- 
tem as follows: 


log P, = bo + bi(log S; — a log Y,’) 
+ bo(log Y.’ — log Yrs’) + bs log Q:. 


On a subsequent page, Tobin computes values for the parameters using 
various Agriculture and Commerce Department series for 1913-41. 
The values for each “b” are negative. The economic meaning of Tobin’s 
model then seems to be this: When disposable income rises food prices 
tend to fall; and when food consumption rises more than past income- 
elasticity relationships would have predicted there will likewise be a 
tendency for food prices to decline. 

This fairly odd pair of inferences suggests, I think, the desirability 
of evaluating the economic meaning of the model and its empirical 
parameters in some detail. The fact that the food consumption series is 
far less sensitive than the series for income or prices may offer an ex- 
planation. Its range is a mere 10% over the period Tobin uses it— 
whereas food prices and disposable income each had a 100% range.* 
This lack of sensitivity of the food consumption index suggests that 
some alternative measure of food consumption might properly be used 
—e.g. the deflated food expenditures figures of the Department of 
Commerce. A detailed comparison between the BAE and the Com- 
merce indices (even after adjusting for such conceptual differences at 
the Commerce inclusion of services) strongly suggests that the two 
series do not move in consistent fashion.* 





% James Tobin, “A Statistical Demand Function for Food in the U.S.A.,” Journal of the Royal 
Statistical Society, Vol. CXIII, Part II, 1950. 

34 Tbid., p. 130. 

% This may well raise the question whether an identification problem is involved. Tobin carefully 
examines this question (Ibid., pp. 135-6) and contends that it is not. 

% Tobin infers that the failure to include in the series services in food distribution, would understate 
changes “in the supply of ‘finished’ foodstuffs.” But nevertheless uses it—presumably as being reason- 
ably sound. Ibid., p. 131. 
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These are essentially negative cautions—though evaluating the 
methods by which his data were originally secured seems an ele- 
mentary caution for any model builder to take, however pedestrian 
and however unrewarding such an inquiry proves to be. And analysis 
of the economic meaning of the resultant model—after the coefficients 
have been determined—seems equally urgent. 

d) Positively, however, there is something which econometricians 
can do until that happy day when all economic data come from a single 
well designed survey producing data of only the highest reliability 
What can be done is to set up a check model—or models—to paralle! 
the basic model. Such a model would incorporate related series or 
measurements in place of those used in their basic model. Clearly one 
would hardly seek to redo the 650 equations of the BLS 1947 matrix. 
Nor is this necessarily required. What we do need is a truncated model 
to give us some feeling for what changed inferences from the model 
would be produced by given errors in the original data. Let me be spe- 
cific. 

In recent models some fairly complex allowances have been made for 
changes in the distribution of income. To demonstrate that any of 
these allowances are real advances over, say, the simple procedure used 
by Tinbergen and Kalecki of distinguishing wage from non-wage in- 
come, we should have some measure of the adequacy of reported in- 
come distributions. One method would be to compare approximately 
similar distributions. Table I gives two distributions—one for 
1934-35 and one for 1935-36.” The apparent differences between the 
1934-35 and 1935-36 distributions are great—far greater, in fact, 
than the differences between surveys of slightly different populations 
separated by four years (1935-36 to 1939) of rising income.** A similar 
comparison for 1949, say, can be made between the Census and FRB 
surveys, and the differences are much smaller. In both instances the 
model builder might usefully use first one, then the other distribution 
to get an indication (not a precise measure) of the impact of survey 
variations on his conclusions. 

A second method would be to make arbitrary adjustments in the 





7? Faith Williams and Alice Hanson, Money Disbursements of Wage Earners and Clerical Workers in 
Five Cities in the West North Central-Mountain Region, 1984-36, BLS Bulletin No. 641 (1939), p. 114. 
The concentration of the schedules in 1934-35 is noted on p. 341; A. D. H. Kaplan, et al., Family In- 
come in Seven Urban Communities of the West-Contral-Rocky Mountain Region, 1935-36, BLS Bulletin 
646, No. 1, p. 125. 

** 1935-36 data from BLS Bulletin 646, No. 1, p. 110. 1939 data from 1940 Census, Families, Gen- 
eral Characteristics, Table 59. These data relate to all families receiving wage or salary income. A dis- 
tribution for all families without income other than wages & salaries would be virtually identical— 
for the $500 and over group discussed here. 
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data on the assumption of specified margins of error. For example, the 
income data reported in the BLS survey of 1941 aggregated about 10% 
less than control totals indicate was received.*® More recent surveys 
have run from 5 to 10% low. What happens to our models if we allow 
for such understatements at each date, or if we presume the possibility 
that the underreporting of income decreased from the 1901 to the 1949 
expenditure surveys? 


TABLE I 


DENVER WAGE EARNER AND CLERICAL WORKER FAMILIES 
WITH INCOMES OF $500 AND OVER PER CENT 
DISTRIBUTION BY INCOME LEVEL 








White nonrelief 


families* All Familiest 





1934-35 1935-36 1935-36 





$ 500—- 999f 18 30 
1 ,000—1 ,499 29 28 
1 ,500—1 ,999 24 19 
2 ,000-2 , 499 15 11 
2, 500-2 ,999 7 6 
3,000 and over 7 6 





$ 500 and over 100 100 

















* Complete families, husband and wife native born. 

+ Families receiving $500 or more in wage or salary income. 

t Families with incomes under $500 excluded from 1934 survey; also excluded from 1935-36 and 
1939 data here for comparability. 

§ Less than 1% 

The measures need not be as close conceptually as this and cannot be 
in most instances. However, trends in the number of nonfarm em- 
ployees (as measured by the Census Bureau’s Current Population Sur- 
vey) and in production (as measured by the FRB industrial production 
index) should be definably similar. Trends in manufacturers sales as 
reported by the Commerce sales series, and the FRB production index 
times the BLS price indexes should also bear a close relationship to one 
another and so on. The analyst can assess the result of using variant 
measures, deciding how much appears to be accounted for by concep- 
tual differences, how much results from the fact that he chose one 
series rather than another. 





39 Selma F. Goldsmith, “Appraisal of Basic Data Available for Constructing Income Size Distribu- 
tions,” Studies in Income and Wealth, (New York, National Bureau of Economic Research, 1951), Vol. 
XIII, p. 285. 
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An additional reason for the use of check models is that we in- 
evitably concentrate on one slice of reality, one aspect of the phe- 
nomenon being examined when we select any given series as an ex- 
planatory variable. It is frequently not clear whether that particular 
aspect is the most relevant, real or useful one to consider. Designating 
alternative measures helps triangulate the area of concern. As E. A. 
Goldenweiser remarked some years ago: 

no set of statistical series, to say nothing of any single series, is a sufficient 
basis for determining casual relationships on which economic policy can be 


predicted with safety. They are only indications of where one should look 
for the causes and interrelationships that determine economic events.‘® 


The moral applies as well to the use of models for analysis. 


III 


How can we secure more adequate statistics both for policy de- 
termination and for economic analysis by economic models?“ The 
simple answer would be to pass a law—not on statistics, of course, 
but on matters requiring statistics for their determination. Certainly, 
for example, the operations of the Securities and Exchange Act have 
developed better data on financial flows than even the combined talents 
of Crum, Epstein and others had been able to produce by the process 
of making bricks from straw. The passage of the Agricultural Adjust- 
ment Act brought support for agricultural income statistics of a kind 
that was rare even in the Department of Agriculture. 

A more realistic answer to the question, however, must start from an 
answer to the question: what kind of data are needed for economic 
models? The answer, I believe, is essentially the same type of data as 
is required for general economic analysis except that it is much more 
urgent that the data be consistent. It is more of a problem for the 
model builder than for the general economist that the official series on 
plant and equipment expenditures is not consistent with that for sales 
in machinery and related industries; that one government series can 
report a 7% fall in auto inventories while another reports a 0.2% rise 
for the same period; that one series reports a drop in profits from 





40 “The Economist and the State,” American Economic Review, March 1947, P. 5, Cf. also Charles 
D. Stewart and Loring Wood, “Employment Statistics in the Planning of a Full Employment Program,” 
Journal of the American Statistical Association (September 1946). 

41 These purposes are not exclusive. In the preparation of the Federal Budget a set of economic 
projections are made for national income, prices, employment and other materials organized as & 
model. Similar materials are prepared by the staff of the Joint Committee on the Economic Report, Cf. 
Samuel M. Cohn, “Managing the Expenditure Side of the Federal Budget,” a paper presented before 
the American Society for Public Administration, Washington Chapter, November 7, 1952. Joint Com- 
mittee on the Economic Report, 82nd Congress, Ist Session, (1951) The Economic and Political Hazards 
of an Inflationary Defense Economy, Cf., especially Appendix C. 
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food manufacturing of 12% while another equally reputable series 
reports a rise of 20% that comprehensive reports on manufacturing 
employment for the same year may differ by several million depending 
on which series is selected; that employment data will be plant re- 
ports, production data may be company reports and profits data from 
consolidated company reports—each of these differences limiting our 
use of all three variables in model building, and so on through a catalog 
that is long, but not quite everchanging. To achieve such consistency, 
plus an improvement in accuracy, the following program areas deserve 
consideration.” 

1. Financial aspects of business. Basic benchmark data can be pro- 
vided annually for all of business, corporate and unincorporated from 
tabulations of the corporate, partnership and individual proprietorship 
income tax returns to the Bureau of Internal Revenue. Basic current 
data, used to extrapolate the benchmark data from quarter to quarter, 
can be secured from an expansion of the Financial Reporting Program 
now conducted jointly by the Federal Trade Commission and the 
Securities and Exchange Commission. That program, now restricted to 
manufacturing corporations, should be expanded to other industries, 
to unincorporated business. Now securing data on profit and loss, on 
balance sheet items, it could reasonably secure related data on business 
investment orders and plans for future sales and investment.“ 

The stakes for analysis here are first, accuracy; second, consistency ; 
and third, a considerable increase in the number of observations. In- 
stead of being restricted to one annual value for a year, only imper- 
fectly reflecting a change in economic direction, the analyst could look 
forward to from 4 to 12 observations a year for a linked set of variables. 
The result should ring a much better knowledge of economic variation 
and relationship. 

2. Employment. In the models developed by Hagen, the NPA, 
Fortune and other postwar projectors, in Klein’s model III, and in the 
recent emergency model sponsored by the Air Force, production data, 
establishment reported employment data (from BLS), and household 





42 Richard Stone has argued persuasively for a single sample survey for business, one for consumers 
and one for government. Cf. his The Role of Measurement in Economics (Cambridge, University Press, 
1951), pp. 57 ff.; R. Stone, J. E. G. Utting, and J. Durbin, “The Use of Sampling Methods in National 
Income Statistics and Social Accounting,” in Revue de L’'Institut International de Statistique, Vol. 18, 
No. 1-2 (1950); p. 31; and corresponding comments in reports of the UN Sub-Commiasion on Statistical 
Sampling. The consolidated surveys proposed here attempt to achieve the same goal of consistent data 
but at the same time make use of the mass of reliable data made available regularly in the U. 8. from 
administrative reports. 

4 Administrative relationships are not particularly relevant here but it might be noted that in 
practice such a program would make use of such existing collection mechanisms as the Census Bureau’s 
Current Business Reporting sample, etc. 
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reported employment data (to the Census Bureau) are all utilized. 
With labor a limiting resource in some projections, and unemployment 
an ominous resultant in others, the consistency of these data is particu- 
larly important. 

Benchmark data for the basic BLS series come from the State Un- 
employment Insurance and Old Age and Survivors Insurance Sys- 
tems. The reports to OASI, however, are simply tax reports to the 
Internal Revenue Service. It is worth considering whether the sys- 
tem of reports to the IRS might be so integrated that business would 
report annual payrolls and employment on their income tax returns.“ 

If this were done we could then look to the monthly Bureau of 
Labor Statistics reports, like the FTC-SEC reports, as a means of 
keeping up to date on changes—with the additional consideration that 
the BLS data might be sought as in the past to apply to individual 
establishments rather than (as in BIR) to entire firms. 

Such an integration of date on employment sales etc. would still 
exclude the Census Bureau’s Current Population Survey. One approach 
would be to treat the list of establishments represented by workers 
who fall into the Current Population Survey as the sample for use by 
the Bureau of Labor Statistics.“ By regular sample checks against 
establishment records of reports by individuals as to their employment 
status we have a method of reducing sampling differences between the 
BLS and Census surveys and removing characteristic errors in the re- 
sponses secured by the population survey.“ 

3. Consumers financial activity. Moving from the sphere of business 
activity to that of consumers we are confronted with similar considera- 
tions. The analyst at present is likely to secure consumption functions 
from the well established BLS surveys. These functions may or may 
not be consistent with asset-savings relationships derived from the 
FRB Surveys of Consumer Finances, employment-income relation- 
ships estimated from the annual Census surveys or income elasticities 
for the consumption of food items as derived from data secured in 





4 BIR income tax returns do not now report employment, and permit the distribution of pay rolls 
under at least two deduction items. 

This proposal is discussed at greater length in the writer’s “Labor Force Statistics: The Task 
Ahead,” a paper presented at the 1950 annual meeting of the American Statistical Association. 

“ As has been emphasized by specialists in this field, errors in reports by the establishments 
would also have to be minimized—though this is presumably part of the regular program of the BLS. 
Administrative procedures would preclude sample changes more frequent than every year or so. How- 
ever, if the survey is viewed as basically a means of interpolating between benchmark employment totals 
such an interval creates no real problem. The rate at which the sample should be changed must be judged 
in relation to the present rate of attrition and nonresponse in employment reporting by establishments. 
Accounting for the varying probabilities with which establishments would fall into the sample—i.e. 
what is the residence distribution of their employees; what is the correlation betwee employment char- 
acteristics of persons in the same family—is one of important technical issues which would have to be 
solved before such a proposition could be developed further. 
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Bureau of Human Nutrition and Home Economics and private sur- 
veys made for the Department of Agriculture. The survey data in turn 
are not fully consistent with the aggregates on income, saving and 
consumption that have been derived from business records and em- 
bodied in the national income accounts. ‘ 

A program in this field to be of value for economic models must 
provide consistent data, minimizing the number of measurements 
coming from completely different surveys. To achieve this purpose use 
can be made of the Census Bureau’s Current Population Survey for 
securing an integrated body of data on incomes, expenditures, asset 
holdings, family employment status and demographic characteristics, 
as well as price and income expectations.“” The gradual development 
of such a program would remove the considerable inconsistencies 
which now develop when the model builder incorporates measurements 
for many of these factors from the variety of surveys which now pro- 
vide them. 

A program in this field must provide reliable data, and if possible 
provide measurements which reflect variations in consumer behavior 
as variations in economic activity occur. In practice this would mean 
securing monthly reports from consumers on their economic activity in 
the previous month or week.** Such reports would facilitate accurate 
reporting by consumers, since the memory feats required would be 
minimized. No less important is the likelihood that their frequency 
would give us an improved knowledge of consumer activity. For ex- 
ample, interviews for the 1948 Survey of Consumer Finances were con- 
ducted during January and February of 1948. Some 50 percent of the 
respondent interviewed in January expected a price rise. The grain 
market broke in February, and only 15 percent of those interviewed 
after the break expected prices to rise.*® For the model builder the in- 
creasing number of observations at different levels of the nation’s 





47 This proposal was discussed at greater length in a paper prepared for the 1949 annual meeting 
of the American Statistical Association, “The Validity of Interviews: Consumer Expenditure Surveys.” 
To minimize respondent burden and nonresponse a system of replicated designs would be necessary: 
broad information would be taken from the main sample and subsidiary details from related samples. 

Small scale studies by the Bureau of Human Nutrition and Home Economics suggest that some of 
the advantages of replicated samples may be delusive but that the procedure is practicable. Cf. Barbara 
B. Reagan and Evelyn Grossman, Rural Levels of Living in Lee and Jones Counties, Mississippi, 1946, 
and a comparison of two methods of data collection (October 1951) USDA Agriculture Information Bul- 
letin 41, esp. Part 2. 

48 More than one period may be used, since reporting for long periods may provide reliable data 
for some classes of items (e.g., cars purchased), whereas briefer periods may be necessary for other 
items (cigarettes, milk, etc.). 

«® Federal Reserve Board of Governors, 1948 Survey of C. Fi , Part I, Table 7. The 
relative change for farm operators and other groups as a whole was almost identical. Cf. James C. 
Davies, “Some Relations Between Events and Attitudes” The American Political Science Review 
(September 1952) p. 780 
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economic activity should increase the number of variables which he 
can include in his model, or test with any conclusiveness.®° 

Children’s stories used to end with the magic words, “and they lived 
happily ever after.” The prospect for econometricians, unhappily, is 
quite the reverse. Data will continue to be inadequate. What concepts 
lie behind the statistical measurements and what errors are hidden 
within them will continue to be issues for exploration. Econometricians 
will increasingly have to delay their more fascinating analytic work in 
order to ponder on the data and results, making certain that their 
findings do not merely quote errors, or assumptions inherent in the 
original measurements. They will in all probability find it essential to 
confirm each model with check models, making use of whatever scraps 
of evaluative information are offered them by data producers. In all 
this, however, there is at least one measure of consolation—the increas- 
ing frequency with which data producers feel obliged to check their 
data against control figures, to conduct post enumeration surveys, 
and to rely on scientific sampling so that at least measures of sampling 
errors will be available for data users. For both the producers of data 
and those who use them in economic models have a similar goal—to 
improve our understanding of economic change. 





5° It is, of course, possible to multiply observations even more cheaply, by a process of interpola- 
tion. This procedure produces useful data for some purposes. However, it does not really add to the 
number of independent observations of change through time. For a contrary view, in practice, Cf. 
Colin Clark’s use of Barger’s interpolated quarterly data in his “A System of Equations Explaining the 
United States Trade Cycle 1921 to 1941,” Econometrica (April 1949). 





TECHNICAL ASPECTS OF TRANSPORTATION FLOW DATA 


R. Tynes Situ, III 


Bureau of Transport Economics and Statistics 
Interstate Commerce Commission* 


HIs paper discusses the technical aspects of two problems relating 

to the 1 per cent sample of rail carload waybills currently being 
secured by the Interstate Commerce Commission. One concerns the 
selection of the sample itself while the other involves the use of the 
sample information for estimating a desired transportation statistic. 

It is proposed to show that the present waybill sample is a simple 
yet powerful tool for transportation analysis. After a short historical 
review of the background of the problem in general, the sample selection 
procedure is described. This yields adequate but biased results so an 
additional adjustment is made which eliminates this bias and gives an 
efficient and representative sample. After this description an example 
of the straight forward manner in which the waybill data may be used 
to get answers to complex transportation problems is given by describ- 
ing the technique used to develop a series of rate indexes. Finally 
several methods by which the standard deviations of these estimated 
indexes were actually determined will be outlined. But before proceed- 
ing a brief description of a waybill may be helpful for those readers 
who are not transportation experts. 

A bill of lading is first prepared by the shipper which tells the carrier, 
among other things, the kind and amount of commodity to be shipped, 
and the points of origin and destination. The carrier prepares a waybill 
from this document which accompanies the shipment and which also 
provides the basis for assessing the transportation charges. After the 
shipment is delivered, the waybill is audited by the terminating carrier 
to correct the charges and is then filed. This audited document, there- 
fore, provides a record of the actual transportation services performed 
and the charges made for that service. A copy is illustrated on page 238. 

The use of waybill data in the analysis of transportation problems is 
not new. As a matter of fact, results of waybill studies have been used 
in proceedings before the Commission for at least fifty years. The first 
nationwide study was made in 1932, and the present waybill sample 
currently being secured by the Commission represents the first attempt 
to get continuing information in this manner. There has been a gradual 
evolution both in the type of data collected and in the technique of 
collection during this period. 





* This paper has not been considered by the Commission. 


227 





(228 AMERICAN STATISTICAL ASSOCIATION JOURNAL, JUNE 1954 


The first individual studies were made to develop specific information 
and often covered only the movement of single commodities or only 
the traffic between particular points. There was no sampling problem 
because all of the bills for all of the traffic involved in a specific period 
of time were selected. The data were usually presented simply as ob- 
served facts for that period. 

The first nationwide study was made by the Federal Coordinator of 
Transportation based on waybills covering one day’s terminations in 
the year 1932. However, it was clearly recognized at that time that this 
sample could not be considered as a representative one so only limited 
generalizations were made from the relationships developed. The mate- 
rial was tabulated and no attempt was made to expand it as an estimate 
of the total traffic for a longer period than the actual day covered. 

The first major attempt to obtain a countrywide representative 
sample for a whole year was made by the Board of Investigation and 
Research. Each Class I railroad was requested by that Board to supply 
it with certain information for all carload traffic terminated on its line 
on one designated day in each month of the year 1939. Different days 
in the month were assigned to the railroads in any one region so as to 
allow a better sampling of brief seasonal movements and the dates for 
parallel roads were staggered. Staggering of dates was arranged so far 
as possible to catch every week day during the week twice during 
year. This design was a major advance because the resulting sample 
could be considered as representative of the total traffic for the whole 
year. 

Several waybill studies were conducted by defense agencies during 
the war. The War Department started a continuous sample of the bills 
of lading issued for its commercial traffic within the United States. This 
was a systematic sample which at the beginning was secured by simply 
counting the documents and making a selection in the proportion de- 
sired. Refinements were made in this procedure from time to time and 
a more efficient method was finally developed making use of the ter- 
minating digits of the bill of lading number. 

It was found that a number of important characteristics such as type 
of commodity were related to the originating point and so stratification 
by origin prior to sampling greatly increased the efficiency of the sam- 
ple. The bills of lading were prenumbered serially in large blocks and 
furnished in groups to the issuing office so that the desired stratification 
could be accomplished by arranging the bills according to their num- 
bers. Analysis of the systematic selection of these bills led to the 
choice of a combination of the terminating digits as a selection device 
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which made the initial arrangement of the bills by number unnecessary 
but which preserved the advantages of origin stratification. 

In 1946 the Commission started work on its waybill sample design 
and, of course, gave consideration to past experience in this field. Two 
practical methods of selection had been developed, the first based on 
all traffic terminating on certain days, and the second based upon ter- 
minating digits in the waybill number. Each of these plans offered 
peculiar advantages and disadvantages. 

The selection of all traffic terminating on specified days was favored 
by many of the carriers because of its apparent simplicity. They also 
felt that there was some advantage in doing the necessary work in- 
volved in a short period of time in order to get it over with. However, 
there were some serious objections to this type of sampling, especially 
in connection with the ability to secure adequate representation of short 
seasonal movements and with the difficulty of determining the possible 
sampling error involved in estimates prepared from the sample. 

The difficulty in determining standard errors of estimates based on 
solid days studies lies not in the fact that these are cluster samples, but 
that the clusters (days) are usually chosen on a judgment rather 
than a probability basis. Even if a suitable method of probability 
selection were applied the efficiency would be low because the seasonal 
factor of much of the traffic makes the between days variance of many 
important characteristics quite high. Since practical sample sizes lie 
between four and twelve days for a year, it is evident that estimates 
would necessarily be subject to relatively large standard errors. The 
author was recently told of a case where a sample consisting of four 
days, one in each quarter, was found to contain no observations of an 
important commodity known to be moving in large volume. A check 
revealed that there actually had been no movement on the selected 
days due to chance circumstances such as strikes and floods. 

An alternative method of sample selection is based upon the ter- 
minating digits of the waybill number. This was a new idea to most of 
the carriers and many of them felt that it would present a more difficult 
problem than would the solid day’s sample. It was also determined that 
there were a number of railroads using monthly numbering systems 
which would produce a bias in this type of selection if a standard com- 
bination of terminating digits were used for selection. Balancing these 
objections were the very important considerations of greatly increased 
efficiency in the sample, including the ability to reflect very small sea- 
sonal changes, and the possibility of making reasonably accurate 
estimates of the sampling errors of sample results. After careful con- 
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sideration of these and other factors it was decided to base the sample 
selection on the terminating digits of the waybill number. 

A waybill sample could be selected either at the point of origin or at 
destination but the terminated bill is preferred because it contains 
complete information regarding the actual movement of the shipment 
and audited results of the charges assessed. However, this choice pre- 
sents a problem when the selection is based on waybill numbers because 
these numbers are prepared at the origin points. There are several 
common methods of numbering waybills and the possible effect on the 
sample of these methods must be considered in the sample design. 

All waybill series are numbered progressively to some point and then 
start over again at the initial number. The end of the series may be de- 
termined by some period of time, such as the end of a month, or by 
some number in the series itself such as the waybill number 10,000, 
100,000, and so on. This latter type of series may be called a block 
system and it can easily be seen that the selection of all waybills with 
numbers ending in any given pair of digits from such a series will yield 
a systematic and unbiased one per cent sample of the waybills if the 
length of the block is some multiple of 100. Also, since it appears that 
the traffic characteristics of a shipment are independent of the ter- 
minating digits of the waybill number on which it moves, an unbiased 
sample of waybills based on these digits will also be an unbiased and 
representative sample of the shipments. It is immaterial in this case 
whether the selection is made at origin or destination. 

The practice of starting waybill numbering series over again at the 
end of a period of time, such as each month or year, presents a dif- 
ferent problem. It does then make a substantial difference whether the 
sample selection is made at origin or destination. An example of the 
effect at several small stations numbering their bills on a monthly 
basis will illustrate. 

Suppose a sample of one out a hundred waybills is desired from a 
group of stations each issuing less than a hundred waybills per month. 
If the sample is to be selected at the origin station, there are a number 
of acceptable devices which could be used. A simple and direct ap- 
proach would be to establish a separate register for checking off the 
bills as they were issued which would indicate each hundredth one for 
selection. This method, of course, is independent of the type of number- 
ing system or of the volume of bills issued. Other methods can be de- 
vised using the waybill number but they immediately run into the 
difficulty that this number alone is not sufficient to make a one per cent 
selection. There will only be as many different numbers as there are 
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bills issued each month so that in the case of small stations some 
method of compounding must be used if a one per cent probability of 
selection is required. It is evident that this compounding device must 
be based on the volume of traffic at the issuing station and the waybill 
number initially used cannot be greater than the total issued in any 
one month. 

These considerations, and the fact that the selection was to be made 
by the terminating carrier, dictated the choice of waybill numbers “1” 
or ending in the digits “01” as the best selection device. This permitted 
the issuance of standard, simple, and unambiguous instructions which 
are so necessary for successful operation. The compounding device re- 
quired to secure a one per cent selection from the small stations was a 
procedure established at the Commission for subsampling the “1” 
bills from these small stations with a probability proportional to the 
average number of bills issued per month over a recent 12-month 
period. This method is roughly equivalent to weighting the received 
bills; the expected values will be the same although the variances will 
be somewhat higher because of the discarded observations. The dif- 
ference is relatively small and is more than compensated for by in- 
creased simplicity in subsequent operations. 

The excess bills over the required one per cent, which result from 
monthly and annual numbering systems, are an unnecessary cost to 
both the carriers and the Commission and so the carriers have been 
urged to change to the more desirable block system. Many have done 
so and consequently the problems associated with establishment of a 
proper sample design for small stations are becoming less important. 

After developing and applying a correct sample design, it is evident 
that a satisfactory sample depends upon the complete and accurate 
selection of the designated waybills. These waybills are selected by the 
reporting carriers in over one hundred offices through the occasional 
efforts of perhaps a thousand individuals. This factor introduces pos- 
sibilities of error which require constant policing to assure the desired 
accuracy. Fortunately, the Commission receives another report on 
carload traffic which can be compared to the waybill sample as an 
effective check for completeness and accuracy. 

This report is known as the quarterly freight commodity statistics 
and shows for each railroad the total number of cars terminated by 
that road for each of the 261 carload commodity classes divided be- 
tween traffic which originated on the reporting road and traffic which 
was originated on other carriers and was delivered to the reporting 
road for termination. Each quarter the waybill sample is tabulated in 
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this same manner for each reporting carrier and the results, com- 
modity by commodity, are compared to 1 per cent of that road’s 
freight commodity statistics. Any significant discrepancies noted in 
this comparison are carefully reviewed and the causes for such dis- 
crepancies are determined. It has been interesting to note that some of 
the discrepancies have been due to errors in the commodity statistics 
rather than in the sample and so in these cases the sample has actually 
been used as a quality control for the 100 per cent report. An idea of 
the effectiveness of the control cf the sample may be gained from the 
fact that in each quarter there are in the neighborhood of 20,000 indi- 
vidual comparisons. The sample itself includes about 75,000 observa- 
tions. 

The selection of waybills on the basis of the waybill number provides 
in effect for a sample of every hundredth bill issued by each station. 
This is actually true in the case of stations issuing bills on a block sys- 
tem and in the case of stations issuing many hundred bills per month 
and is approximated at the others. Consequently the sample is quite 
efficient because of the relationship between the originating station 
and important transportation factors such as the commodity and ter- 
ritory. The periodic comparison of the sample to control totals helps 
reduce selection errors and assures its validity. The sample has found 
many uses in varied fields and its application to one transportation prob- 
lem will be discussed, but before doing so it might be well to consider 
the foregoing procedures in the light of modern sampling theory [1]. 

The universe considered here is the totality of rail carload shipments 
terminated by Class I railroads in the United States. The sampling 
unit is the waybill, which in general covers a single carload, and the 
frame is the complete series of numbered waybills. These numbers are 
assigned at the origin station so that when a block numbering system 
is used selection based on the terminating digits “01” will provide a 
systematic sample of every hundredth waybill issued, stratified by 
origin. Since the shipment itself is independent of the terminating 
digits of the waybill number this will result in an unbiased, random— 
and therefore representative—one per cent sample of carload ship- 
ments. 

A modification of this design is necessary in the case of small stations 
numbering their bills on a monthly system. Where at least one but less 
than 100 bills are issued per month the selection of the “1” bills provide 
a sample consisting of the first shipment in the month for each station. 
This, therefore, is not necessarily a random selection except in the sense 
that there is some chance element in whether or not a particular ship- 
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ment will be the first one. The essential random element is provided by 
a further process of subsampling these initially selected bills. 

The “1” bills from each of the small stations over several months 
form a series which approximates a systematic sample with a sampling 
interval equal to the average number of bills issued per month. The 
desired interval is 100 and this in turn can be approximated by discard- 
ing a sufficient number of bills so that the resulting average interval is 
100. The bills to be discarded are selected by a chance process with 
appropriate probabilities so the final sample is a random one. This per- 
mits valid estimates of standard errors, an example of which is given 
later. 

There is a problem of non-response due usually to occasional failure 
to select all the required “1” and “01” bills. These failures are essen- 
tially random in character and do not appreciably affect computed 
averages or ratios although of course they do introduce a negative 
bias in estimates of aggregates. The quarterly comparison to the 100 
per cent count of the commodity statistics report provides an excellent 
control and good progress is being made in the establishment of ac- 
curate mechanical checks by the reporting carriers which reduce the 
non-response error. 

Many diverse uses have been made of the Commission’s waybill 
sample but it is proposed to examine the technical aspects of its use 
in only one problem. This problems, however, is one of sufficient com- 
plexity to indicate the value of the sample as a research tool. 

The need for an index which would measure changes in rail carload 
freight revenue resulting solely from increases or decreases in freight 
rates has been recognized for years. Experimental indexes for various 
commodities were developed by the Commission but the methods used 
were too costly to permit any extensive expansion of these series. The 
Commission’s 1 per cent waybill sample provided a new approach to 
the problem and offered the hope that annual indexes of many freight 
rates could be prepared and kept current with a relatively small ex- 
penditure of time and funds. The method finally adopted uses, with 
minor modifications, information contained in the regular releases of 
waybill statistics. 

The regular Commission waybill statistics are tabulations of punch 
cards prepared from the waybill samples reported by the terminating 
carriers. The illustration on page 238 shows facsimiles of a typical way- 
bill report and the detail and waybill cards prepared from that report. 
It also gives a brief description of the processing of the bills and cards. 

Mileage block statistics have been developed by classifying the 
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traffic according to traffic categories determined by the commodity 
class, short-line length of haul, type of rate, and territorial movement. 
These are the statistics used in the preparation of the freight rate in- 
dexes. It should be noted that the rates, or prices charged for trans- 
portion, are related to each of these factors and they were chosen with 
@ view towards making the items within each resulting traffic category 
as homogeneous as possible. The sample shipments for each year fall 
into about 30,000 of these traffic categories. 

The indexes are constructed by comparing the tonnage and average 
revenue per ton of matching categories in the base and comparing year. 
Two sets of revenue figures are prepared from these data. The first 
consists of the actual revenue for the base year which, of course, is 
simply the total of the revenues for each of the comparing categories 
in this year. A second set of revenue figures are obtained by applying 
the average rate per ton for each category in the comparing year to the 
tonnage which moved in the same category for the base year. This 
produces a figure which represents the revenue which the traffic moving 
in the base year would have produced at the average rates in effect 
in the comparing year. The ratio of these two revenues yields the desired 
index figure. 

It is evident-that factors other than changes in freight rates might 
affect the average revenue per ton for a given traffic category. For 
example, the average length of haul within the mileage block assigned 
to the traffic category might be greater or less in the comparing year 
than in the base year. Similarly, the specific commodities which moved 
within the given commodity class might be different and take different 
rates. Therefore, the average revenue effect of such differences must be 
small as compared to the effect of rate changes if the resulting indexes 
are to be a satisfactory measure of changes in rates. Careful study of 
this problem does indicate that this requirement is substantially satis- 
field. As noted before, the traffic categories were chosen so as to be as 
nearly homogeneous with respect to rate characteristics as practicable. 
The milage blocks are shorter where changes in rate progression are 
most rapid. The various territorial movements are kept separate as 
are movements on interstate and intrastate rates and there is a further 
classification by commodity class and type of rate. Consequently, the 
area of fluctuation in average revenue from causes other than changes 
in the rate is relatively small in each of the traffic categories. 

It is reasonable to expect that even when such fluctuations as these 
do occur, they are as likely to affect the results in one direction as 
another so that there is a tendency for the errors to compensate rather 
than to accumulate. In consequence, the net effect is that the changes in 
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average revenues noted by this method will usually reflect quite closely 
the revenue effects of actual changes in rates. Therefore, the indexes 
will be a measure of the average changes in rates. An illustrative page 
from the published statement is shown in Table 1. 

These indexes are based upon only one of the 100 similar 1 per cent 
samples which could have been selected from the waybills representing 
the total carload traffic. Presumably indexes computed in exactly the 
same manner from each of the 100 different samples would have pro- 
duced 100 slightly different results. Each of these in turn would have 
been an estimate of the index which could theoretically have been pro- 
duced from a 100 per cent sample consisting of all of the waybills. This 
condition, of course, immediately raises the question of how much 
does a particular index computed from the sample which actually was 
selected differ from the theoretical index which could have been pre- 
pared from the total of all waybills. 

There are a number of methods by which an estimate of the standard 
deviation of any computed index could be obtained but in particular 
there are two relatively simple procedures which were actually applied 
to the computed rate indexes and which have been used for similar de- 
terminations of the confidence which could be placed in other estimates 
prepared from the waybill sample. 

It was noted that you would expect somewhat different results from 
computations made on each of the 100 possible 1 per cent samples which 
could have been drawn from the total of all waybills. If the variation in 
these estimates could be known, it would be easy to calculate the stand- 
ard deviation for one of them. Obviously, it is not possible to get such 
figures as these but an extension of the reasoning can be made to the 
sample which is available. If this sample is divided up into, say, ten 
parts in a manner similar to the method used in the selection of the 
original sample, then the variation observed in separate estimates made 
from each of these ten parts can be used to estimate the possible varia- 
tion in the estimate prepared from the whole sample [1]. If Xi: - - - X10 
are the ten subsample estimates then the variance of the total sample 
estimate X is approximately: 
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; > (X; — X)? 
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or, using the range R=Xmaz—Xmin the standard deviation can be 
estimated from the relationship [2] 
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TABLE 1 


INDEXES OF AVERAGE FREIGHT RATES FOR COMMODITY 
GROUPS AND SELECTED COMMODITY CLASSES* 
(1950 = 100) 








Index 





1947 1948 1949 1950 





100 109 


100 108 
100 108 
100 109 
100 
100 


~— 


106 
100 106 
100 107 
100 


t Fresh Vegetables 
085 Potatoes, Other Than Sweet 79 
101 Sugar Beets 
199 Products of Agriculture, 
6b kta os waned es 88 
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Group II—Animals and Products 
Class 203 Cattle and Calves, 8.D..... 79 
215 Meats, fresh, N.O.S........ 73 


112 
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Group III—Products of Mines 
Class 301 Anthracite Coal, N.O.8..... 81 
305 Bituminous Coal 


108 
106 
107 
108 


323 Clay and Bentonite 

325 Sand, Industrial 

327 Gravel and Sand, N.O.S.... 

329 Stone and Rock: Broken, 
Ground and Crushed 

331 Fluxing Stone & Raw Dolo- 


113 
107 
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109 
109 
110 
108 
110 
112 
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343 Phosphate Rock 
399 Products of Mines, N.O.S... 


88 


Group IV—Products of Forests 
Class 401 Logs, Butts, and Bolts 
403 Posts, Poles, & Piling, 


& 


109 
108 


$ 


97 111 

88 100 110 
422 Lumber, Shingles, and Lath. 98 109 
499 Products of Forests, N.O.8.. 83 95 100 112 


S28 88 SRSESE FB BLRSLSSE 





* Only classes having more than approximately 1,000 cars in the sample are shown separately. 
The group indexes cover all classes in the group. 

t These groupings of individual commodity classes are shown at the request of the Department of 
Agriculture. “Oil bearing crops” include commodity classes 037 to 047, 097 and 105; “Fresh fruits”, 
classes 049 through 069; “Fresh vegetables” classes 077 through 089 (including 085 which is also shown 
separately). 
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This latter estimate is only about 85 per cent as efficient as the former 
but has the great advantage of simplicity and ease of computation. 

The first estimates of the standard deviation of the rate indexes 
were made by following this procedure in principle. It was recognized, 
however, that the preparation of ten separate sets of indexes from ten 
subsamples would be too great a task for the limited staff available. 
Consequently, the individual waybills in the sample were divided into 
only five groups. This division was made as nearly as possible on the 
same basis as that by which the initial sample was selected. Each of 
these five groups was classified according to traffic categories and five 
different sets of indexes were computed. The variation in these indexes 
then yielded estimates of the standard deviation for the indexes pre- 
pared from the total sample. This method, however, proved to be an 
even greater task than initially contemplated and a less accurate but 
substantially less costly procedure was developed. 

The second procedure made use of the same mileage block cards that 
were used in developing the initial indexes. These cards were randomly 
distributed into ten groups and the indexes prepared as before for each 
of the groups. The variation in these indexes then yielded an estimate 
of the standard deviation of the index prepared from the total of the 
mileage block cards. While this procedure is not as accurate as the one 
using the individual waybill cards, the error is on the safe side because 
there is a bias which tends to indicate a larger value of the standard 
deviation. However, the substantial savings resulting from the use of 
mileage block cards instead of the individual waybill cards more than 
offsets the loss in accuracy. 

Incidentally, the mile block cards were randomly distributed into ten 
subgroups by means of a one column sort on the units position of the 
revenue field. The digits in this field are equivalent to the sum modulo 
ten of the units digits in the waybill cards included in each block. It has 
been shown [3] that such a process of “compound randomization” will 
yield sequences approaching equal probabilities for each digit, even 
when the generating sequences are quite biased. Consequently it is 
permissible to use aggregate fields of summary cards in this manner even 
when the same fields in the detail cards would be unsatisfactory. Ex- 
tensive tests have been made on a table of random digits [4] produced 
in a similar manner from waybill data which indicate that considerable 
confidence can be placed in the effective randomness of the results. 

The results of the two procedures for estimating the index standard 
deviations were in substantial agreement although individual examples 
of wide variation did appear. These were usually due to unequal dis- 
tributions of traffic in the mileage block cards which of course is one 
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of the prices which must be paid for using this approximation method. 
However, as was expected, the discrepancies were usually on the side of 
overestimating the error and so the less costly procedure is considered 
a safe one for determining the confidence which can be placed in the 
estimates. 

The preceding discussion has covered the selection and adjustment 
of the carload waybill sample, and the method used to check its com- 
pleteness and accuracy by comparison with the carriers’ freight com- 
modity statistics report. It has shown how the regularly published way- 
bill statistics can be used, with minor modifications, to get the answer 
to a complex transportation problem in a simple and straight forward 
manner. As a final example several methods for estimating the standard 
deviations of sample results were developed. In each case the tech- 
niques used were simple and direct. This is characteristic of the current 
waybill sample and illustrates its value as a tool for transportation 


analysis. 
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RESPONSE ERRORS IN THE COLLECTION OF WAGE 
STATISTICS BY MAIL QUESTIONNAIRE 


SamvuE.t E. CoHEen AND BENJAMIN LIPSTEIN 
U. S. Bureau of Labor Statistics 


HE literature on response errors in mail questionnaires has for the 

most part been devoted to the personal characteristics of the in- 
dividual, e.g. age, education, attitude toward social questions, etc. 
Little attention appears to have been given to response errors where 
the data are collected from firms or organizations. It is doubtful, how- 
ever, that a sharp separation can be made between response errors of 
personal characteristics and data on business operations. In the small 
firm, elements of prestige may exist with respect to exaggerating sales, 
production, or employment. The large firm on the other hand may be 
reluctant to disclose the extent of its operations for competitive rea- 
sons, or in government surveys may fear that the information may be 
used for other than statistical purposes. Further, during periods of 
economic control, some business firms may consider it advantageous to 
bias reports in their own favor for future administrative action. Thus, it 
appears that a parallel may exist between response biases of individuals 
and the response bias of firms. 

The problem errors of response of firms to a mail questionnaire was 
recently studied in a wage survey of the rainwear industry conducted 
by the U. 8. Bureau of Labor Statistics. Two kinds of response errors 
were examined, 1) coverage errors and 2) errors in the reporting of 
wage data. Coverage error as part of response error exists in this in- 
stance because the firm classifies itself as being in or outside of the in- 
dustry. It includes firms that were incorrectly classified as being in the 
industry as well as those which were incorrectly excluded. 

Errors in reporting of wage data include such errors as incorrect 
reporting of wage iates, inclusion of workers outside the scope of sur- 
vey (e.g.—office workers), and erroneous division into the auxiliary’ 
or non-auxiliary class. 

The survey was initially made during July 1951 for a June 1951 pay- 
roll period, to provide data for aiding in the determination of the pre- 





1 For the purpose of this survey auxiliary workers are defined as those workers engaged in one or 
more of following occupations: position marking, shade and size numbering, bundle tying, bundle ticket- 
ing, matching and pairing, basting, pulling, hand trimming, cleaning, turning; floor boys and girls, 
porters, examiner’s helpers. Non-auxiliary workers consist primarily of cutters and sewing machine 
operators. 
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vailing minimum wage in that industry.? Responses were obtained pre- 
dominantly by mail questionnaire. A subsample of the non-respondents 
to the mail questionnaire was contacted in person or by telephone so 
that an unbiased estimate of the wage distribution of the industry 
could be prepared. Subsequently, questions were raised as to whether 
mail collection was appropriate, and whether the data presented were 
acceptable for use in minimum wage determination. Accordingly, a 
field resurvey was made to check the survey results and to determine 
whether mail questionnaires are feasible in surveys of such industries 
as rainwear, where piece-work payments prevail. 

The original .2spondents were given no advance warning of the re- 
survey. Difficulties generally encountered in studies of response error 
because of uncertainty in identifying the reporting unit were not 
present in this survey. It was possible to identify the reporting units 
as being identical in both surveys—something not always possible with 
families or households. 

The variables measured in both the survey and resurvey were sub- 
ject to objective determination from payroll records. Thus variations 
in reporting would be attributed to indifference, misinterpretation of 
instructions, arithmetic errors or purposeful concealment. These items 
cannot be isolated in most studies of survey techniques and reporting 
practices. For example, differences in reporting educational attain- 
ment can be attributed in part to the uncertainty of the definition. A 
very common source of variation in reporting, age, is generally not sub- 
ject to any definite verification. All that is available as a rule are two 
replies by the same respondent, both of which may be in error. 


SURVEY METHODS 


The universe of establishments in the rainwear industry was de- 
fined to include all establishments whose value of product of rainwear 
was 50 per cent or more of their total production in 1950 or who main- 
tain separate rainwear departments. An industry of this type is not 
easily defined or isolated from the remainder of the needle trade indus- 
tries. A comparatively small number of firms are continuously in the 
industry from year to year. For the most part, firms shift in and out 
of this industry with the fluctuations in product demand. The plant 





*The Walsh-Healey Act specifies that employers engaged in government contracts exceeding 
$10,000 must pay the prevailing minimum rate of pay for such work. The Secretary of Labor is assigned 
the responsibility of determining the prevailing rate of pay in question. Administratively, this work is 
carried out by the Wage and Hour and Public Contracts Division of the Department of Labor. The 
Bureau of Labor Statistics is frequently called upon to conduct surveys of wage rates in the industry. 
The data collected in these surveys are used as an aid in this wage determination. 
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equipment of firms producing rainwear is not specialized, but rather 
is equally usable for many other needle trade products. 

The initial listing of firms comprising the industry was obtained 
from Unemployment Compensation listings, supplemented by lists of 
firms provided by the International Ladies’ Garment Workers’ Union 
and the Amalgamated Clothing Workers Union.* The first wave of 
questionnaires was mailed to all listed firms (633). A second wave of 
schedules was sent to all nonrespondents. The 353 responses to these 
two mailings consisted of 84 firn.s being defined as within scope (firms 
within the rainwear industry) and 269 firms as being out of scope. Of 
the nonrespondent group, a sample of 70 firms was selected for direct 
contact by telephone or personal visit. The non-response sample pro- 
duced 19 firms within the scope of the survey and 51 out of scope. 


TABLE 1 
SAMPLING PROCEDURE OF ORIGINAL SURVEY 








Stages in the Sampling Number of In§ Out of 
Procedure Schedules we Scope 





Total mailed 633 
Responded 353 84* 269 
Did not respond 280 

Direct contact 70 19f 51 

Total received 423 103 320 














* 66 schedules usable—rejected schedules failed to provide wage distributions or other essential 
~t All schedules usable. 

The resurvey consisted of two parts, 1) a sample check of firms re- 
ported initially as out of scope, and 2) the collection by personal visit 
of data initially obtained by mail. 

Part (1) of this investigation consisted of a sample of 42 firms in 
New York City classified as out of scope on the basis of mail returns 
in the initial survey. These 42 firms were rechecked by personal visit. 
Of 17 firms initially reported as out of business, of the sample of 42, it 
was found that 10 were completely out of business, one was manu- 
facturing another product, 4 were defunct rainwear subsidiaries of 
firms still in other lines, and 2 were in the rainwear business elsewhere 
and under different names (included in the universe under the new 
name). 





3 Past experience has indicated that lists compiled in this manner contain most of the firms in the 
industry. An exhaustive investigation of the completeness of the list would be financially prohibitive, 
as it would involve a detailed investigation of a number of related industries. 
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Of the 25 remaining firms in the out of scope sample—only 3 could be 
classified properly in the rainwear industry as defined. 

On the basis of this sample survey, it appears that the Bureau under- 
estimated the number of rainwear establishments in New York City 
by about 15 or approximately 20 per cent. 

Most of these 42 establishments at some previous time manufactured 
rainwear. However, a general decline in the volume of such production 
had resulted in rainwear no longer being the principal product or the 


TABLE 2 


RESULTS OF RESURVEY OF FIRMS CLASSIFIED AS OUT 
OF SCOPE IN ORIGINAL SURVEY, NEW YORK CITY 








Number of Firms 





Classification Original 


Survey Resurvey 





Total Sample of Firms 42 


Out of Business 17 

Change of product 

Discontinued rainwear dept 

Operating, under different names: 
Included in universe 


Manufacturing other products 25 
Manufacturing rainwear 








Total out of scope 42 





discontinuance of a separate rainwear department. Such shifts had been 
taking place since 1946 and explain in part the divergence of the survey 
data with respect to number of establishments (1951) from that of the 
1947 Census of Manufactures. 

Despite the under-representation of the Middle Atlantic region (as 
suggested by the New York City results) in the Bureau of Labor Sta- 
tistics survey, no great difference in the Nation-wide statistics could 
be generated by such a deficiency. Under the extreme assumption— 
that the bias of omission occurs in that area alone—the increase of the 
Middle Atlantic employment raises the Nation-wide median by 1 cent 
and decreases the percentages of workers in the lowest class intervals 
(75 cents—80 cents) by no more than three-tenths of 1 per cent. Actually, 
an understatement of 20 per cent in number of firms in New York City 
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and in turn in the Middle Atlantic Region means less than a 20 per cent 
understatement in employment since firms in this region are smaller 
than those in other regions. Such field work as was done in New York 
is very expensive to do elsewhere because of the scatter of the remain- 
ing establishments. A small sample in other areas would be practically 
useless because of the apparently low proportion of bona fide rainwear 
firms erroneously excluded. 

Do errors of the universe, such as we have just described, form an 
effective argument against making mail surveys in such industries as 
rainwear, where the establishment turn-over is so great? Without the 
expenditure of large sums, it is likely that the error in any field survey 
would be even greater. In order to obtain 85 usable schedules, it was 
necessary to make an initial mailing to more than 600 establishments, 
most of which did not fall within the scope of the survey. The field 
experience would not be appreciably better than this, judging from the 
canvass made in New York. Such a canvass by personal visit would be 
considerably more expensive. Hence the alternatives presented are (1) 
a mail survey adjusted for non-response, or (2) no survey at all. The 
extent to which correction should be made depends on the use to be 
made of the survey. 

In the second part of the resurvey, an attempt was made to visit all 
firms not originally interviewed in person. However, visits were not 
made by the Bureau to 13 establishments which were included in a 
field survey made by Dr. Lazare Teper of the International Ladies’ 
Garment Workers’ Union. Dr. Teper provided the Bureau with data 
collected in his survey. 

Wage data collected in the resurvey were obtained directly from pay- 
roll records. Schedules were obtained from 53 of the 57 firms visited by 
by Bureau of Labor Statistics. One firm employing about 100 employees 
refused to cooperate in the resurvey. The other three, employing a total 
of 28 workers, were either out of business at the time of the resurvey, 
or their records were unavailable. 

The retabulations are thus based on 15 schedules obtained orig- 
inally by personal visit, 13 obtained by the ILGWU, and 53 obtained 
in the resurvey.* 

All schedules were given the same weight in the retabulation as in 
the original survey. The final tabulations are therefore the equivalent 
of a complete field survey. 





4 Four of the original 19 schedules obtained by direct contact as mentioned in Table 1 were ob- 
tained by telephone. These were included in the 53 firms reaurveyed. 
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COMPARISON OF RESULTS 


In comparing the results of the two surveys, it is assumed through- 
out that the data collected by personal interview are without errors. In 
reality, it is never possible to obtain absolutely accurate data whether 
by field or by mail procedures. Errors and biases exist in all data in 
varying degrees. Considering the nature of the survey, it is reasonable 
to assume that the data collected by personal interview are freer from 
biases of reporting and random errors than those obtained by mail. 

Table 3 and Chart 1 show the comparative cumulative distribution 
of workers by earnings obtained by the two methods of collection. 


TABLE 3 


CUMULATIVE PERCENTAGE DISTRIBUTION OF PRODUCTION 

WORKERS IN THE RAINWEAR INDUSTRY BY STRAIGHT-TIME 

AVERAGE HOURLY EARNINGS, UNITED STATES AND SELECTED 
REGIONS, JUNE 1951, ORIGINAL AND RESURVEY 
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TABLE 3—(Continued) 
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Number oi workers 2,205 2,527 
Median rate $1.27 $1.27 $1.07 

















* Excludes premium pay for overtime and night work. 

t Includes data for other regions in addition to those shown separately. 

t Less than .05 of 1 per cent. 
Beyond the 90-cent point there is little difference in any of the regional 
data, and even below this point there is little difference for the in- 
dustry as a whole. There were slight increases in the median rates, 2 
cents in the industry as a whole, 2 cents in the Middle Atlantic region, 
and 1 cent in the Great Lakes region. 

The lower end of a wage distribution is of critical importance for 
minimum wage determination. Examination of these parts of the dis- 
tribution shows that the greatest difference occurs in the interval be- 
tween 75 cents and 80 cents, 11.4 per cent of the workers were classified 
in this interval in the resurvey as against 13.4 per cent in the original 
survey. At no other point does the difference exceed 1 percentage point. 
Inspection of the cumulative distribution (Table 3 and Chart 1) show 
very small differences beyond the 90-cent point. 

The greatest discrepancy between the surveys occurs in two of the 
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regional distributions. In the Middle Atlantic region, the estimated 
percentages of workers between 85 cents and 90 cents were 9.2 per cent 
for the original survey and 4.5 per cent in the resurvey. In the Great, 


CUMULATIVE PERCENTAGE DISTRIBUTION 


OF PRODUCTION WORKERS IN THE RAINWEAR INDUSTRY 
By Average Hourly Earnings, June i951 
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Lakes region the corresponding percentages were 10.7 and 7.0. These 
differences are due primarily to the two firms reporting large blocks of 
workers at the guaranteed rate rather than at actual earnings, plus 
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two other questionable schedules with concentrations of workers at 75 
cents in the original survey. (Of these, one firm refused to cooperate in 
the resurvey, while the other firm supplied incorrect data in the 
original survey.) 

Practically no difference was found in the broad auxiliary and non- 
auxiliary classifications (See Table 4). It is noteworthy that small de- 
clines appeared in the earnings of auxiliary workers, although the 
median earnings of the non-auxiliary workers increased slightly. 
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TABLE 4 
PERCENTAGE DISTRIBUTION OF AUXILIARY AND NON-AUXIL- 
IARY PLANT WORKERS (EXCLUDING LEARNERS) IN THE RAIN- 
WEAR INDUSTRY BY STRAIGHT-TIME AVERAGE HOURLY EARN- 
INGS,* FOR THE UNITED STATES, JUNE 1951, 
ORIGINAL AND RESURVEY 
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$0.85 
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* Excludes premium pay for overtime and night work. 
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REPORTING ERRORS OF FIRMS IN SCOPE 


Establishments revisited gave a variety of explanations as to how the 
original data were compiled. Of the 53 firms studied, 25 followed the 
instructions completely and correctly; a few included salesmen and 
office workers; some estimated earnings; a few included overtime and 
10 simply could not recall what was done. The most serious downward 
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bias resulted from two firms which reported guaranteed rates instead of 
actual earned rates. The main difference between the original survey 
and the resurvey is due to the errors of these two firms and to the omis- 
sion of the one firm with 100 employees that refused to cooperate in 
the resurvey. 

A comparison was made of changes in reporting in the 75 and under 80 
cent groups (omitting the two firms which misinterpreted the instruc- 
tions.) 

A frequency distribution of the errors was constructed (Chart 2). 
The X variable was the number of production workers misclassified in 
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the 75 and under 80 cent class. Positive errors were workers errone- 
ously included in the class, and negative errors were those who should 
have been included. The Y variable was the number of firms which 
misclassified workers. 

This frequency distribution of reporting errors showed an arithmetic 
mean of —0.4. Thus, the critical class was less than half a worker per 
firm too large in the original survey. In order to see whether the error 
in this class is of a compensating nature, the degree of asymmetry was 
established using Pearson’s measure of skewness which equaled 0.05, 
Thus, the error distribution was almost symmetrical and the errors are 
to a great extent compensating. 

A regional pattern in errors of reporting is noticeable. The closest 
correspondence between the two forms of collection is found in the 
New England region. For the bulk of the firms agreement was prac- 
tically perfect at nearly every point in the distribution. No mail ques- 
tionnaire was of such quality as would necessitate rejection. The poor- 
est mail reporting came from the Middle Atlantic region where 5 of the 
22 schedules collected by mail differed so much from the field resurvey 
that they could not be termed usable. Of the 10 comparisons in the rest 
of the country only 1 mail questionnaire was unsatisfactory. Only one 
of the 13 schedules obtained by the ILGWU resurvey was sufficiently 
different from the original mail schedule to warrant rejection of the 
latter. 


SUMMARY AND CONCLUSIONS 


1. The data indicate that collection of wage distributions by mail 
questionnaire is feasible in piece rate industries and is also feasible in 
industries paying hourly rates. 

2. No consistent reporting bias was evidenced. Most of the reporting 
errors were not only compensatory, but were generally small. 

3. The major reporting error in such surveys is the confusing of 
earned and guaranteed rates. Care must be taken in design of the 
questionnaire and in the accompanying instructions to distinguish be- 
tween those two items. Careful editing will frequently disclose whether 
large concentrations of workers at any one rate are caused by report- 
ing guaranteed rates instead of earnings. Personal visit may be neces- 
sary to clarify such cases. 

4. A field follow-up of respondents classifying themselves as out of 
scope is necessary in an industry characterized by frequent changes in 
product. Without such a field follow-up an accurate estimate of the uni- 
verse is difficult, and may result in overrepresentation of some seg- 
ments of the industry in the survey totals. 
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INDUSTRIAL CLASSES IN THE UNITED STATES 
1870 TO 1950 


TILLMAN M. Soacs 
St. Olaf College 


N AN earlier article the writer classified the gainful workers in the 

United States for 1870 to 1930, and the labor force in 1940 into 
industrial classes.' This paper brings this classification up to date by 
adding the data for 1950. 

The fact that the occupational classifications used in the Census of 
1950 and the Census of 1940 were quite comparable made the task of 
adding the data for 1950 to the previous compilations comparatively 
easy.” 

Some interesting developments have taken place during the decade 
of the 1940’s, a period during which our economy was affected very 
markedly by war and postwar changes. In the main these changes have 
not altered the direction of trends indicated in earlier decades but the 
degree of change has in some instances been increased. Some of the 
more important changes from 1940 to 1950 are: 

1. The number of persons for whom occupations were reported in- 
creased from 50,737,284 in 1940 to 57,632,879 or an increase of 
13.5 per cent which is a considerably greater rate of increase than 
during the depression decade of the thirties. 

2. The number of persons engaged in farming occupations continued 
to decline in spite of the large increase in the total labor force. 
Table I indicates that the number of farm laborers has declined 
from 6,143,998 in 1910 to 2,497,637 in 1950 or a decline of over 59 
per cent in 40 years. The decline in relative importance of agri- 
cultural occupations is clearly evidenced by a decrease from 17.4 
per cent of the total in 1940 to 11.8 per cent of the total in 1950. 

3. Both proprietors and officials and professional classes have shown 
a significant increase in numbers during the past decade, but the 
greatest increase in numbers is indicated in the lower salaried 





1 Tillman M. Sogge, “Industrial Classes in the United States in 1940,” Journal of the American 
Statistical A iation, 39 (1944), 516-18. Parallel data for the years 1870 through 1920 were first pre- 
sented by Professor Alvin H. Hansen in the two following articles (1) “Industrial Class Alignments in 
the United States,” Journal of the American Statistical Association, 17 (1920), 417-25, and (2) “Industrial 
Classes in the United States in 1920,” Journal of the American Statistical Association, 18 (1922), 503-06. 
The data for 1930 were first presented in an article by the writer entitled, “Industrial Classes in the 
United States in 1930,” Journal of the American Statistical Association, 28 (1933), 199-203. 

* Coverage of the different classes has been‘described in the earlier articles in this series listed in 
the footnote above. 
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group and in industrial wage earners. The increase of nearly five 
million industrial wage earners during the past decade gives evi- 
dence of the expansion in our national economy which has taken 
place. Even though there has been this large increase in the num- 
ber of industrial wage earners during the past decade, and an 
it.crease in relative importance of this group from 39.3 to 42.9 
per cent of the total, it is significant to note that the importance 
of the industrial wage earners in relation ito all the non-agricul- 
tural classes combined was less in 1950 than in 1920. 


. The number of servants in 1950 was less than half the number in 


1940 dropping from 2,840,021 to 1,414,732. Percentagewise, 
servants constituted 5.6 per cent of the total in 1940 and only 2.5 
per cent of the total in 1950. 





STATISTICAL METHODS FOR POISSON PROCESSES 
AND EXPONENTIAL POPULATIONS 


ALLAN BIRNBAUM* 
Columbia University 


1. INTRODUCTION 


HE research worker and statistician frequently deal with phenom- 
— in which events of some type occur randomly in time, or in 
which particles are randomly distributed in space. The Poisson proc- 
ess is the formal model of such phenomena. Furthermore, many phe- 
nomena which may naturally be represented by use of the exponential 
distribution or the Poisson distribution can alternatively be repre- 
sented as Poisson processes and dealt with advantageously in this form. 
Statistical methods for the study of such phenomena can be as flexible 
and yet simple as the Poisson process model itself. A number of such 
statistical methods are described and illustrated below. Some of these 
methods were developed recently, while others are well-known but are 
described here briefly for comparison and completeness. 


2. THE POISSON PROCESS 


The results of any experiment in which observation is performed 
continuously and “events” (i.e., occurrences of any specified kind) are 
tallied, can always be described by a function z=2(t), which gives the 
number of events observed, x, during the first ¢ units of observation, for 
all values of ¢ from 0 through 7’, the tctal amount of observation per- 
formed. Such an experiment, yielding an observed function z(t), is a 
Poisson process if the events occur randomly in the sense of the follow- 
ing natural definition: given that any number z of events are observed 
in any amount ¢ of observation, the points of occurrence of the z events 
are randomly (i.e., independently uniformly) distributed between 0 
and t. Examples in which the Poisson process is a very accurate and use- 
ful model are the following: 

Example 1. When a Geiger counter is used in an essentially constant 
environment, the counter tallies the number of times it is hit by radio- 
active particles. Here the amount of observation performed is meas- 
ured in units of time during which the counter is operated. The Pois- 
son process represents this phenomenon quite accurately. (The as- 
sumptions for the Poisson process will be violated seriously under ex- 
treme conditions: In an environment of very high radioactivity, the 





* Research supported by the Office of Naval Research. 
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counter’s inability to record a hit extremely soon after an earlier hit 
will seriously violate the independence assumption. If the environment 
contains radioactive materials with extremely rapid rates of decay, the 
assumptions of equal probabilities will be seriously violated.) 

Example 2. If any homogeneous or well mixed material containing 
practically infinitesimal foreign particles or flaws is inspected, the 
amount of observation will be measured by the volume (or area or 
length) of material inspected, and the “events” will be the particles or 
flaws observed. One case is the use of a haemocytometer to count the 
number of blood cells distributed over an area on a slide. (For studies 
of the magnitude of deviations from the independence assumption due 
to “crowding” of cells, see [1] and the references given there.) Another 
case is that of inspection of manufactured materials by length or area 
for defects, if the manufacturing process is such that there is no ap- 
preciable dependence in the locations of defects and the average defect 
rate does not change appreciably during the period of inspection. Other 
applications, and some statistical methods discussed below, will be 
found in [18]. 

A Poisson process can be characterized in the following two simple 
alternative and equivalent ways: 


(a) The “waiting times” wu between successive events are independ- 
ently distributed with the exponential density function 


g(u) = (1/0)e-“/* for u 2 0. 
Here @ is the mean of waiting times: 
E(u) = @. 


(b) The increment y=2(t2)—2(t:) of z(t) on any interval of length 
d=t,—t, has the Poisson distribution 
y 
p(y) = a", y=0,1,---. 
y! 
and the increments of z(t) on non-overlapping intervals are independ- 
ent. Here dd is the mean increment on an interval of length d. Thus \ 
is the mean rate of occurrences, and \=1/8. 

All statistical questions concerning Poisson processes involve infer- 
ences about the value of the single parameter \ or 6 of one process, or 
about the values of the respective parameters of several processes. 
(Methods for determining whether a given process is Poisson will not 
be discussed here; Davis [6] describes and applies several methods.) 

The flexibility and simplicity of statistical methods applicable to 
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Poisson processes seems to stem from two sources. One of these is the 
simple way in which information from different experiments or obser- 
vations on a single process can be combined. As an illustration, consider 
the life-testing procedures developed by Epstein and Sobel [9, 10]. It 
is assumed here that the lengths of life of a type of electron tube, say, 
are exponentially distributed with unknown mean life 6. (For some 
empirical tests of this assumption, see [6].) If one tube is observed until 
failure, then replaced by a new tube which is again replaced upon its 
failure, and so on, we have a sequence of observed lengths of life u from 
an exponential distribution. Hence the number of failures observed by 
any time ¢ is a Poisson process z(t). Now suppose that we place any 
number of such tubes under observation, and add new tubes or remove 
tubes from observation in a quite arbitrary manner. The information 
given by such an experiment is fully described as a single Poisson 
process, where ¢ is now taken to be the number of tube-hours of life 
observed at any point in the procedure, and z(t) is the number of fail- 
ures observed up to that point. The feature illustrated here is called 
the additivity property of the Poisson process. 

The second source of flexibility of statistical methods is the fact that 
we can shift back and forth freely between use of the two simple dis- 
tributions which characterize the Poisson process, the exponential and 
the Poisson distributions. 


8. ESTIMATION OF \ OR 0 


As a basic example of the flexibility possible in the statistical treat- 
ment of data from such procedures, consider the problem of estimating 
the parameter \ of a Poisson process by means of a confidence interval. 

Method 1. If a fixed amount ¢ of observation is performed, then the 
number z of events observed has the Poisson distribution with mean 
p=M, 


Pr (2) = e+, for z = 0,1, 2,---. 


By standard methods we can construct a confidence interval for y, at 
a desired confidence level. An exact construction can be based on ta- 
bles of the Poisson distribution, and extensive tables of such confidence 
intervals as well as tables of the Poisson distribution are available in 
[13, 17, 20]. 

Method 2. If observation of a Poisson process is continued until a 
specified number m of events has been observed, and if 7 is the amount 
of observation actually required to observe m events, then 2X7 has the 
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chi-square distribution with 2m degrees of freedom. A confidence in- 
terval for \ at a desired confidence level can then be constructed in the 
standard way, as described below. 

It will be useful here and also in connection with other statistical 
problems discussed in the following sections to note that statistical 
problems dealing with variances of normal populations have direct 
analogues in problems dealing with parameters of Poisson processes. 
The analogue of the present problem is that of constructing a confi- 
dence interval for the variance o? of a normal population given S?, 
the sum of squared deviations from the known or estimated mean, with 
2m degrees of freedom; the confidence interval is constructed by using 
the fact that S?/o? has the chi-square distribution with 2m degrees of 
freedom. Thus 27'/@ and S?/c? have the same distributions, and so do 
the statistics 27 and S? if the corresponding parameters 6 and o? are 
equal. Here and in later problems we can take advantage of this cor- 
respondence to apply statistical methods developed originally prima- 
rily for a problem dealing with normal variances to a corresponding 
problem dealing with Poisson processes, and vice-versa. 

To construct the desired confidence interval for \, we select from ta- 
bles of the chi-square distribution with 2m degrees of freedom, values 
C and D such that the probabilities of values less than C, and greater 
than D, are each a/2. Then we can write 


C D 
1 — a = Prob {C < 2\T S D} = Prob {—srs—. 
2T 2T 


Thus (C/2T, D/2T) is a confidence interval for \, with confidence co- 
efficient 1—a. The small bias of such confidence intervals could be re- 
moved at the price of complicating the procedure. 

The following method of constructing point estimates of \ based on 
Method 2 was developed in [15]. We have with probability 1—a that 


C/2T << D/2T. 


Given this inequality, the maximum percentage deviation of \ from an 
estimate ’ is minimized by taking 
C+D 
4T 


; 


This maximum percentage deviation is 


itt 
eee 
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7 is @ quantity which decreases as the number m of events observed 
increases. Hence we can use tables of the chi-square distribution to de- 
termine the number m of events to be observed to give an estimate }’ 
with maximum percentage deviation not exceeding any given positive 
7, at confidence level 1—a. 

On the other hand, when Method 1 is used, there is no way of pre- 
scribing the amount ¢ of observation so as to obtain point estimates of 
bounded percentage error. As shown in most statistics texts, an ap- 
proximate construction of the confidence intervals of Method 1 is 
given, say at the .95 confidence level, by the interval 


zt 1.96/z z  1.96/z 


—_ ) — 


t t t t 


It is seen that here the maximum percentage deviation of \ from the 
estimate x/t is (1.96/+/z) 100%, a function of the observed value of z. 

Method 3. In Method 1, the absolute deviation of the estimate z/t 
from \ is bounded by Ca(+/z/t), where Ca is a constant correspond- 
ing to the confidence level used, with probability 1—a. In Method 2 
the corresponding bound is \’r/100%. In neither case can the magni- 
tude of this bound be prescribed in planning the amount of observa- 
tion ¢ or m, since each bound is determined by the outcome of the ex- 
periment. The following method gives estimates of prescribed absolute 
precision. 

The problem here is to give an estimate ’ of \ such that with proba- 
bility at least 1—a, |\’—d| Se, where a and ¢ are given positive con- 
stants. Let n be a positive integer. Observe T,,, the waiting time re- 
quired for the occurrence of n events. Let c=ae*/2n. Perform addi- 
tional observation of the process for 1/2cT7’, units of time; let X be the 
number of events observed in this period. Let \’=2c7,,X. Then ’ is 
an estimate meeting the stated requirements. 

The stated properties of \’ may be demonstrated by verifying that 
’ has expected value \ and variance 2nc. Then Tchebycheff’s inequal- 
ity gives 


Prob {|\’ —A| Se} = 


It remains for further investigation to determine the largest constant 
c’ which can be used to determine the additional amount 1/2c’T’, of 
observation without destroying the desired properties of the estimates 
2c’T,,X. Likewise, rules for the optimal choice of n remain to be inves- 
tigated. 
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4. TESTS OF HYPOTHESES ON AX OR 0 


A test of a hypothesis specifying the value of \ (and hence of @=1/)), 
say the hypothesis Ho: \=Xo, is provided by each method of construct- 
ing a confidence interval for \. If A and B are confidence limits for 
constructed by one of the methods of the preceding sections at confi- 
dence level 1—a, then a test of Ho at the 1—a significance level is ob- 
tained by accepting Ho if ASo<B and otherwise rejecting Ho. Tests 
of Ho against one-sided alternatives (e.g., \>o) can be based on corre- 
sponding one-sided confidence limits for \. Tests with prescribed power 
can be designed by use of the Poisson or chi-square distributions. As 
these procedures are relatively standard, they will not be discussed 
further here. 

In each of these testing methods, an economy in the amount of ob- 
servation required can be achieved by taking advantage of the fact 
that observation of the Poisson process can be performed continu- 
ously. For example, consider tests of Ho: \=Xo against the one-sided 
alternative \> Xo. In the type of test based on a prescribed amount ¢ 
of observation, the test procedure will amount to rejecting Ho if the 
observed number of events x exceeds some “critical number” 24. Hence 
if 7a+1 events have been observed at any point in the procedure, ob- 
servation can be terminated and Hp rejected at once. In the type of 


test based on observation of a prescribed number m of events, the test 
procedure will amount to accepting Ho if the required amount T of ob- 
servation is at least equal to some “critical amount” 7,. Hence if m 
events are not observed before t= 7, observation can then be termi- 
nated and Ho accepted at once, while if m events are observed at or 
before t= 7, observation can then be terminated and Hp rejected at 


once. 

Another type of test procedure (which has been investigated by two 
groups of statisticians, in [8] and [9]) achieves optimal economy in the 
required amount of observation at the price of a slightly more compli- 
cated statistical procedure. Such tests are now available only for testing 
H» against one-sided alternatives. (Two-sided tests of this type can in 
principle be constructed, by the method used by Wald in [23], pp. 134— 
37, but this has not yet been done because of certain technical difficul- 
ties involved.) These tests can be described as typical sequential prob- 
ability ratio tests of the kind developed by Wald in [23] and [24], with 
account and advantage being taken of the fact that the Poisson process 
may be observed continuously. The typical form of these procedures 
is the following: Continue observation only so long as the number z of 
events observed and the amount ¢ of observation performed satisfy the 
inequality 
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b+st<2x2<a-+t st. 


As soon as xSb+st, accept Ho; as soon as x2a+st, accept Hi: \=)y 
+A. Application of the method may be simplified by a graphical repre- 
sentation of the test inequalities in the (t, x) plane. Here 


slog (5), @ = (1og—*) (los 5) 
= = oO 
8 og ae ’ a vs ar ’ 
B o 
poe i peetecs 
(108 =) (tog), 


where a is the desired maximum probability of accepting Hi when 
AS do, and B is the desired maximum probability of accepting Ho when 
AZ>Ao+A. 

In [10] a number of life testing procedures using Method 2 were in- 
vestigated, and their operating characteristics and required amounts of 
test equipment and time determined. 


5. COMPARING TWO POISSON PROCESSES 


Comparisons of two Poisson processes with parameters \, A: re- 
spectively are expressed most usefully in many applications by state- 
ments about the value of the ratio y=):/\:. The methods described 
in the following Section 5A provide estimates and tests on +. In other 
applications, it may be more appropriate to express comparisons of 
two processes by statements about the value of the difference A=): 
—,; the rather restricted methods available for comparisons in terms 
of A are described in Section 5B. The following examples illustrate 
possible reasons for choosing either y or A as a criterion of comparison. 

Example 1. In order to measure the effectiveness of a shield intended 
for protection against radiation, we may take any steady source of 
radiation and a Geiger counter in fixed positions, and record “hits” by 
radiation alternately with the shield interposed between counter and 
source and with the shield removed. The natural measure of effective- 
ness of such a shield is the percentage of radiation it eliminates. If \: 
is the intensity of radiation at the counter when the shield is present, 
and }, is the intensity when the shield is removed, then the effectiveness 
of the shield is 100[1—(A:/A1)]%. A confidence interval estimate of 
y=):/\ provides statistical information in an appropriate form, such 
as, for exemple, “At confidence level .99, we estimate the effectiveness 
of the shield to be at least 98.4%.” 
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Example 2. In order to decide which of two samples of ore shows 
greater radioactivity, as a basis for selecting one of two lots of ore for 
refining, we can record radiation from each sample with a Geiger 
counter. If Xx, Ae are the respective intensities of radiation at the 
counter, the degree to which one lot is preferable to the other is repre- 
sented by A=\2:—A:, for the gain to be achieved by a correct choice of 
a better lot is proportional to | A|. An appropriate statistical procedure 
isa test of the hypothesis H, that \1>)2, against the alternative \2> x, 
satisfying the requirement that if |A| 2A’, where A’ is the smallest 
value of | A| of practical significance, then with probability at least 
1—a the better lot will be chosen. 


5A. COMPARISONS IN TERMS OF 7=)2/)u 


Method 1. If a prescribed amount ¢ of observation is performed on 
each of two Poisson processes with parameters \, \2, then the numbers 
%, 22 of events observed in the respective processes will have Poisson 
distributions with means yw, =)jt, we= Act. Then pe/pi=2o/ = 7. It has 
been shown in [19] and [22] that all information on the value of y con- 
tained in the observations 2, 22 is obtained by treating the observa- 
tions as a binomial sample of m=2,+2, observations in which 2% 
“successes” are observed, and the probability of a “success” is 


* 1 1 
M+A2 L+Ah/e 1l+y 





p 


Thus to test a hypothesis on the value of y, say Ho: y=1 (i.e. =a), 
we consider the corresponding test of Ho’: 





1 1 
/2( 28 » ee 3) 


when 2; successes are observed in m binomial trials. We reject Ho if 
and only if Ho’ is rejected, and at the same significance level. Again, to 
construct a confidence interval for y, we can first construct one for p 
(as described in [4]) from our sample of x; successes in m trials. If we 
obtain, for example, “at the .95 confidence level, we estimate that 
33 Sp 3.50,” then we can use the equation p=1/(1+~¥), or y=(1/p) 
—1, to obtain the equivalent “at the .95 confidence level, we estimate 
that 1<ys2.” 

Method 2. An important weakness of Method 1 is that the procedure 
cannot be planned to provide any minimum amount of information on 
7 if the values of \1, \2 are completely unknown. As we have seen, the 
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method provides information equivalent to a binomial sample of 
m= 2,+22 observations, but m itself is a random observation and may 
in any particular instance be too small to provide sufficient information 
(it may even equal zero, and provide no information about 7). Actually 
m has a Poisson distribution with mean y+: 80 that, if the unknown 
values of both 4; and pe are very small, Method 1 will very often give 
very little information about ; even if 4+ 2 is quite large, there will 
occur some samples with m too small to give sufficient information 
about +. 

One way out of this difficulty is apparent. If at least m’ binomial ob- 
servations are required to provide enough information about p (and 
hence about y) in some application, and if an application of Method 1 
gives m<m’, another application of Method 1 with an additional 
amount ft, of observation of each process may be possible, and if neces- 
sary additional amounts of observation until the total number of 
events observed reaches or exceeds m’. Then the usual binomial statis- 
tical methods can be applied to the totals of events observed in each 
process, as in Method 1. 

Method 3. If two Poisson processes can be observed continuously, 
with observation on each performed at the same rate, then the proba- 
bility that the 7th event observed will occur in the first process is 
p=1/(1+y7), for each <=1, 2, - - - . Such observation thus provides a 
sequence of binomial observations of indefinite length, to which the 
statistician may apply any of the sequential or curtailed-sampling meth- 
ods for binomial data (e.g. Wald [23]), or the statistician may termi- 
nate observation when a prescribed number n of events has occurred, 
and apply non-sequential methods for binomial samples of size n. 
(Methods 2 and 3 were developed in [2].) 

Method 4. An alternative way of prescribing observation of two 
Poisson processes is to require that the first be observed until 
events have occurred, and the second until nz events have occurred 
in it. If 7, is the amount of observation of the first process required to 
observe 7; events, then as we have seen above 2),7'; has the chi-square 
distribution with 2m, degrees of freedom; the corresponding quantity 
for the second process, 227'2, has the chi-square distribution with 2n, 
degrees of freedom. 

The present problem is statistically equivalent to that of comparing 
variances of two normal populations, given sample variances with 2m 
and 2n2 degrees of freedom respectively. To test whether \,;=):s, we 
compute F =n27'1/m72, and use the fact that F has the F-distribution 
with 2, 2ne degrees of freedom when \,=)¢. To give a confidence in- 





STATISTICAL METHODS FOR POISSON PROCESSES 263 


terval for y=)2/%1, we may use the standard method developed for the 
corresponding problem of giving a confidence interval for the ratio 
«2/02 of two normal variances by use of the F-distribution. These 
methods were developed in [11] and [21]. (Cox [5] has investigated the 
effects of applying to a Method 1 experiment the simpler analysis of 
Method 4.) 

In some applications the present procedure would be more easily 
applied than those of Methods 2 and 3 above; for example if the proc- 
esses are separated in space or time the present procedure might be ap- 
plied. If simultaneous observation of the processes is possible, Meth- 
ods 2 and 3 would generally give earlier termination since in Method 4 
if \g is much smaller than \;, 7’: will generally be much larger than 7}. 


5B. COMPARISONS IN TERMS OF A=)2—Ai 


Method 1. Let two Poisson processes with parameters i, \2 be ob- 
served continuously so that the respective waiting times for the first 
event in each process, 7; and U, say, are obtained, then the waiting 
times 7'2, U: for the second event in each process, and so on. We thus 
obtain a sequence of pairs (7;, U;) of waiting times, for each 7=1, 
2,:-:+; the 7,’s have an exponential distribution with mean 
=1/, the U,’s an exponential distribution with mean 6.=1/):. Using 
such observations we can solve the testing problem stated in Example 
2 above. 

To do this we apply Girshick’s [14] method to the problem of ranking 
the two exponential population with respect to their means; the result- 
ing test procedure is as follows: After each pair (7, U;) of observed 
waiting times is obtained, compute 


Z= a>: (T; — U4). 


f=] 


Continue taking observations until either Z2a, in which case accept 
the hypothesis H;: \2:—\, = (1/62) —(1/6:) 2A, or until ZSb, in which 
case accept the hypothesis Ho: \1—A2:= (1/61) — (1/62) =A. Here a=log 
(1—8)/a, b=log (8/1—a), where @ is the desired maximum proba- 
bility of rejecting H» when Hp is true, and 8 the desired maximum prob- 
ability of rejecting H, when H, is true. It has been shown in [3] that, 
unfortunately, Girshick’s method can not be generalized to deal with 
problems like testing whether \1—)2=1/0,:— (1/62) =0 against the al- 
ternative \2—\1:=1/6,—(1/6,) =A. 

Method 2. Consider the problem of constructing an estimate A* of 
A=),;—;, where \y, A: are the unknown parameters of two Poisson 
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processes, such that with probability at least 1—,| A*—A| Sn, where 
8 and » are given positive constants. One solution is given by setting 
A* =),*—),*, where \,* and A,* are obtained as in Method 3 of Section 
3 above, taking e= 7/2 and (1—a)*=1— 8. In case the two processes 
can be observed simultaneously, a more efficient solution is the follow- 
ing: Let m be a positive integer. Observe 7;,, the waiting time required 
for the occurrence of a total of m events when the two processes are 
observed simultaneously. Let d=8n?/2m. Perform additional observa- 
tion of each process for $d7',, units of time; let Y;, Y2 be the respective 
numbers of events observed in the two processes in this period. Let 
A” =2dT..(Y2—Y;). Then A” is an estimate meeting the stated re- 
quirements. The estimates A* and A” provide useful simple solutions 
of the common Geiger counter problem of estimating the difference 
between “noise” count rate and “source plus noise” count rate. 

The stated properties of A” are verified as follows: E(A’’) =A. 
E(A” —A)?=2md. Then by Tchebycheff’s inequality 


Prob. {|A” — A| S n} = 1 — 2md/n? = 1 — 8. 


Further investigation should provide rules for optimal choice of n or m, 
and for shorter periods of additional observation which will suffice to 
meet the stated requirements. 


6. COMPARING THREE OR MORE POISSON PROCESSES 


Generalizations of two of the preceding methods for comparing two 
Poisson processes are available for comparing any number k of proc- 
esses. 

The generalization of Method 4 of Section 5A is the following: Let 
T;; be the amount of observation required for the observation of a pre- 
assigned number n; of events in the ith process, for i=1, - - - k. Then 
2),7'; has the chi-square distribution with 2n; degrees of freedom, where 
\; is the parameter of the ith process, for each 7. Thus this problem is 
statistically equivalent to that of comparing variances of k normal 
populations on the basis of sample variances based respectively on 
2m, - > - 2n, degrees of freedom. For the problem of testing whether k 
normal variances are equal, tables of critical values are available in 
[16]. Let us denote by S? the sum of squares for the ith normal popula- 
tion, based on 2n; degrees of freedom, used in this test procedure. Then 
if we substitute for each S;? the observed value 7, for i=1, - - -, k, 
and then proceed formally with this test procedure, we obtain a test of 
the hypothesis that the k Poisson parameters are equal; this test has 
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the same significance level as the original test, and a corresponding 
power function. 

Every procedure for comparing normal variances can be similarly 
adapted to give a corresponding procedure for comparing Poisson 
process parameters. 

Method 3 of Section 5A can be generalized as follows: Let k Poisson 
processes with respective parameters \1, --~-,, be observed simul- 
taneously. Then the probability that the 7** event observed will be ob- 
served in the i** process is 


Ni 
= ’ 
Matos? th 


Thus the observed events can be considered independent observations 
from a multinomial population with class proportions pi, - - - , px, and 
all methods for dealing with multinomial data can be applied. For 
example, the hypothesis that the k processes have equal parameters is 
equivalent to the hypothesis that the corresponding proportions p; are 
equal: Ho:pi:= + - - =pz=1/k. A chi-square test of this hypothesis may 
be carried out in a kX2 table; the chi-square statistic for this problem is 
generally termed the “index of dispersion.” The limitations of Method 
1 described above apply also to this procedure when a preassigned 
amount ¢t of observation is used. 

Further theoretical discussion of Poisson processes is given in [7] 
and [12]. 


for each ¢. 





Pi 
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APPLICATIONS OF THE CIRCULAR 
NORMAL DISTRIBUTION 


E. J. GuMBEL 
Columbia University* 


nA previous paper [8] the circular normal distribution was intro- 
[aucea. Now its practical use will be shown. The different proce- 
dures explained in the next paragraph will be applied to typical observa- 
tions taken from geophysical, vital and economic statistics. Finally, a 
discussion of unsolved problems will be given. 


1, PROCEDURE 


For simplicity’s sake, we consider in the following only circular dis- 
tributions over the year. The observations are grouped or can be 
grouped into twelve monthly periods. Then the time series is concen- 
trated in twelve frequencies or relative frequencies p, (v=1, 2 - - - 12). 
In most cases p, stands for the mean frequency of the vth month, the 
mean being taken for all observed years. Since the parameters of the cir- 
cular normal distribution are invariant under a multiplication of all fre- 
quencies, it is irrelevant whether the absolute or relative frequencies 
are used. This important property allows the application of the circu- 
lar normal distribution to time series which by themselves do not 
constitute distributions in the usual statistical sense. Let p, be any 
non negative numbers of arbitrary nature or dimension, corresponding 
tothe months; then the series p,/ >_}? p, may be regarded as a distribu- 
tion provided that the summation makes sense and may be analyzed 
as a circular variate. 

However, in our illogical calendar system the lengths of the months 
vary from 28 to 31 days. If the mode occurs in July, February shows a 
minimum leading to an apparent asymmetry. Conversely, when the 
mode occurs in February, its deficiency of two days may create a 
hole. Since these artificial influences must be eliminated, let the ob- 
served frequencies for January, March, May, July, August, October 
and December be multiplied by 30/31 =0.96774 and for February by 
30/28 = 1.07143; let p,’ be the frequencies so adjusted. The year is 
thus reduced to 360 days. Therefore, the sum of the frequencies is no 


longer n= 5-22, py. 





* Work done in part as Consultant to Stanford University and in part under grant from the 
Higgins Foundation. 
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To conserve this observed sum the adjusted frequencies are multi- 
plied by the quotient 


_ Pt Pat Pst Ds + pr + Ds + Pro + Pe 

Di’ + po’ + ps’ + ps’ + pr’ + ps’ + Pio’ + Pr’ 

In this procedure the observed frequencies for April, June, September, 
and November are preserved while the frequencies for the other 
months are twice adjusted. The adjustments must be used if the dif- 
ferences between the frequencies are small, say of the order 10%, since 
they are then strongly affected by the different lengths of the months, 
The adjustments are not relevant if the differences between different 
months are large, say if the largest monthly frequency is 10 times the 
smallest one. The second adjustment is unnecessary if the quotient Q 
differs from unity by less than 1%. 

The adjusted frequencies are attributed to the 15th of each month 
and may be traced as a linear histogram or on polar paper consisting of 
concentric equidistant circles and radii for each degree. The maximum 
frequency is traced at north and the following months are traced clock- 
wise. After the choice of a unit distance the square roots of the twice 
adjusted frequencies, »/p,”, are plotted instead of the adjusted fre- 
quencies p,”” themselves. This procedure equalizes the areas of the ob- 
served and the theoretical distributions. Distributions differing with 
respect to the sample size n are thus traced in different scales. How- 
ever, a uniform scale is obtained if all adjusted frequencies p”’ are di- 
vided by their mean j. This method has the advantage that dis- 
tributions with different values of n may be traced on the same scale. 
It has the disadvantage that the frequencies are no longer visible. 

In the use of circular normal distribution 





eF cos (a—ag) 


(1.1) ¢(a) = “Qik 


the mode ap is estimated from 


12 12 
(1.2) tan ap = >. sina,/ >. cos a, 
1 1 


where 


12 
(1.3) > cos a, = July —Jan.+0.86603(Aug. — Feb. +June— Dec.) 
. 1 


+0.5(Sept.— Mar.+ May—Nov.), 
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12 
a0 > sin a, = Oct.—Apr.+0.86603 (Sept. — Mar. + Nov. — May) 
. 1 
+0.5(Aug. — Feb.+ Dec. — June). 


and the months are written instead of their frequencies p,’’. This 
determines ao only up to 180°. The exact location is found from the 
conventional diagram for the signs of the trigonometric functions. In 
the estimation of ao it is sufficient to calculate to whole degrees of the 


angle. 
The parameter k is estimated from 


(1.5) a= ~4/(x > sin au) + +( > cos an) 


with the help of Table II' which gives k as function 4. The parameters 
for the reduced values p,”/p are obtained in an analogous manner. 
The adjustments for months of equal lengths may be introduced into 
(1.3) and (1.4). This leads to 





12 
>> cos a, =0.96677(Jul. —Jan.) +0 .86603 (June) 
1 
1.6 
ae +0.83726(Aug. — Dec.) +0.5(Sept. — Nov.) 


+0.48339(May — Mar.) —0.92789 Feb., 


12 
> sin a, =0.96677 Oct. +0.86603(Nov.+Sept.) 


1 


1.7 
(7) +0.48339(Aug.+ Dec.) — Apr. 


—0.83726(Mar.+ May) —0.53571 Feb.—0.5 June. 


Since the parameters ao and k are invariant under a multiplication 
of the frequencies no adjustment is then necessary to conserve the 
sum of the observations. However, for the comparison to the theory the 
observations must again be adjusted for months of equal lengths and 
for the conservation of the observed sum. Therefore, this system is not 
used in the examples that follow. 

In another analytic procedure a constant value equal to the mini- 
mum monthly value — is assumed to hold throughout the year. This 
component is treated as a circular uniform distribution. The other 
component consisting of the observed frequencies p,—>p is considered 
as a circular normal distribution with n’=n—12p. However, up to 


1 Tables with Roman numbers refer to the previous publication [8]. 
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now no case has occurred in which this procedure gives a better fit 
than the previous one. 

The theoretical values corresponding to the observations +/p, are 
obtained after multiplying the values given in Table III by 0.28868 
Vn. If k is nearly equal to one of the values given in Table II, it is 
sufficient to use a slide rule. The theoretical values corresponding to 
reduced frequencies p,/ are taken from III without any multiplication, 
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The theoretical values are plotted on the polar diagram as points. 
A continuous symmetrical curve is obtained by joining the points to 
the left and right of the mode by the same parts of a French ruler. If 
the modal direction is practically zero or a multiple of 30 degrees, i.e. 
if the observed mode is either conserved or shifted by these amounts, 
we may use differences of probabilities A®(a) instead of the densities 
¢(a). This procedure leads to a comparison of the observed with the 
theoretical wedge diagram. It has the advantage that the conventional 
criteria for the goodness of fit can be used. 

The differences of probabilities (Table 1) were obtained by taking 
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TABLE 1 


THE CIRCULAR NORMAL PROBABILITY DIFFERENCES A®(a) 
FOR 12 AREAS, OF 30°, CENTERED ON: 





————— 


k Mean +30° +60° +90° +120° +150° +180° 
-08333 .08333 .08333 . .08333 .08333 .08333 


-09176 .09056 .08735 . .07912 .07630 .07530 
.10054 .09793 .09111 . .07476 .06953 .06770 
-10962 .10539 .09458 . .07031 .06304 .06058 
.11895 .11286 .09774 . -06581 .05690 .05394 
.12846 .12032 .10054 . .06133 .05110 .04780 


-13810 .12768 .10296 . -05690 .04570 .04217 
-14782 .13491 .10501 . .05256 .. -03704 
-15755 .14196 .10666 . .04837 . .03239 
-16726 .14880 .10793 . .04434 . .02822 
.17690 .15539 .10882 . .04049 . .02449 


.18644 .16171 .10934 . -03686 . .02118 
.19584 .16772 .10953 . -03345 . -01826 
.20507 .17345 .10938 . -03026 . -01569 
-21413 .17885 .10895 . .02730 . .01344 
-22298 .18395 .10824 . .02457 


-23163 .18874 .10729 . .02206 . 

.24007 .19320 .10613 . ‘ ‘ -00833 
-24829 .19738 .10476 

-25630 .20127 .10324 

-26409 .20487 .10158 


.27167 .20822 .09979 
-27905 .21130 .09790 
-28623 .21415 .09592 
-29322 .21677 .09388 
.30003 .21917 .09179 


.30666 .22138 .08966 
.31312 .22338 .08752 
.31942.. -08535 
.32557 -08318 
.33157 -08100 


.33744 . .07884 
.34317 .07670 
.34878__. .07458 
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half of the successive differences of the probability function calculated 
to 9 decimals and attributing them to the midpoints of the intervals. 
Graphs 1 and 2 show a wedge diagram obtained from Table 1 and the 
continuous distribution traced on linear and on aequiareal polar scales, 
Since the observations can only be traced in the wedge form, while the 
theoretical distribution can also be traced as a continuous curve, it ig 


CircULAR NoRMAL DISTRIBUTION P(e) 
Ano OFERENCE OF PROBABILITIES A$ (&) 
TRACEO ON AN EQUIVALENT POLAR SCALE 

K*O.5 


desirable to compare the appearance of one and the same distribution in 
the two forms. The graphs also show the type of deviations that are 
inevitable if an observed wedge diagram is compared to a continuous 
distribution. With the exception of the modal and anti-modal months, 
the curves representing the theoretical distribution intersect the ob- 
served wedge diagram near the middle of each month and the wedge 
diagram falls short (exceeds) the theoretical curve at the beginning 
(end) of each month. The tracing of A®(qa) is a graphical alternative 
to the tracing of the distribution ¢(a). In general it has the disad- 
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yantage that the “months” considered therein do not coincide with the 
months in the calendar. 

The different analytical and graphical procedures outlined will now 
be applied to numerical data. 


2. GEOPHYSICAL OBSERVATIONS 


The following examples deal with rainfall, run-off and evaporation, 
ie. the hydrologic cycle and temperatures. The amounts of rainfall per 
month form a genuine distribution. For the Esopus watershed which is 
essential to the water supply of New York City, Table 2 shows the 
mean monthly rainfall. The modal (anti-modal) month is written in 
the first (last) line. The second column contains the observed numbers 
in inches, the third introduces the adjustments for length of months. 
The sum of the adjusted frequencies is 30.665” while the observed sum 
for the same months before adjustment is 31.36’. Consequently the 
adjusted frequencies are multiplied by 31.36/30.665 = 1.02263, result- 
ing in the fourth column which conserves the observed total mean 
annual rainfall n=48.91”. The square roots of the numbers in the 
fourth column starting with July are plotted in the wedge diagram, 
Graph 3. The variations indicate a systematic circular behavior start- 
ing with a mode in July and decreasing to the anti-mode in January 
with the exception of the rainfalls in November which exceed those in 
October. 

TABLE 2 


MEAN MONTHLY RAINFALL IN INCHES: 
ESOPUS WATERSHED 








4 1 2 3 


Sec. First 
Adj. Month Obs. Adj. 





4.64 _ — 
4.54 Aug. . 4.432 
4.27 Sept. ‘ — 
4.23 Oct. , 3.900 
3.81 Nov. ‘ — 
3.34 Dec. ‘ 3.339 
—_— Jan. ‘ 3.290 


—- ao Ss 





To obtain the theoretical distribution we first calculate the param- 
eters. Formulas (1.3) and (1.4) lead from Table 2, column 4 to the sums 


owe tf TFT 


_— 
fy 


12 12 
> cos a, = 3.62553; >) sina, = 0.40112. 
1 1 
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Consequently 
tan ang= 0.11067; a= 6°. 


Since a is counted from 15 July, this means a shift of the mode to 2] 
July. It is due to the fact that the frequencies for the latter part of the 


| GraPu FZ 
MonTuty Mean RAinrate Esorus WATERSHED 


year show a slight predominance over the first part (20.72’ against 
20.19’). Formula (1.5) leads to 


G@ = 3.64766/48.91 = 0.07458. 


Table IT gives the values 
a@=0.07, k = 0.1403; a@=0.08, k = 0.1605. 
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Linear interpolation leads to k=0.1495. It is sufficiently accurate to 
choose k=0.15. This small value of the parameter is due to the fact 
that the differences between the frequencies are quite small. 

From Table III we obtain radii vectors ¥(a)+/12/n by interpolating 
between k=0.1 and k=0.2. These values are given in Table 3, column 
2. Multiplication by +/48.91/12=2.0189 leads to the radii vectores 
(column 3), which are plotted on the original grid of the polar paper 
to the left and to the right of the modal value at 21 July. The fit of the 
theory to the observations leaves nothing to be desired. 


TABLE 3 
CALCULATION OF RADII VECTORS 








2 3 





¥(a) /12/n ¥(a) 
1.075 2.170 
1.070 2.160 
1.051 2.122 
1.035 2.090 
1.012 2.043 
0.9840 1.987 
0.9603 1.939 
0.9414 1.901 
0.9293 1.876 
0.9252 1.868 





The numbers of occurrences of rainfall of 1’ or more per hour also 
form a genuine distribution. The observed numbers taken from Dyck 
[7] for 156 stations in the United States, 1908-37, are given at the 
bottom of the linear Graph 4. The sum of the adjusted frequencies is 
4366.5 while the corresponding sum without adjustment is 4502. 
Multiplication of the adjusted numbers by 1.03103 conserves the ob- 
served total sum 7235. The twice adjusted numbers are given at the 
top of Graph 4. The adjustments are less than 1% except for February 
where the observed value is decreased by more than 10%. The mode in 
July is more than 14 times the minimum in January. Therefore, the 
parameter k is relatively high, k= 1.34. The calculation of the param- 
eters in this and all following examples is given in Table 9. The dis- 
tribution is slightly skewed to the right; consequently, the mode is 
shifted from 15 to 18 July. 

The theoretical distribution is obtained by the same procedure as 
before. We interpolate ¥(a)+/12/n from Table III, multiply these 
volumes by +/n/12 = 24.554 to obtain ¥(a). The squares of these num- 
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bers are plotted in Graph 4 and traced in a continuous curve. 

The monthly runoff in inches for the watershed of the Derwent River 
at Yorkshire Bridge, Derbyshire (England) taken from [14], p. 397, 
is given in Table 4 for the 43 years June 1905 to May 1948. The monthly 
percentages of the annual runoff form a distribution. Therefore the 
monthly runoff can be analyzed as a cyclical variate. 


GraPu 4 
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The second column gives the runoff for the 43 years. The third 
column gives the monthly means adjusted for length of months, the 
fourth conserves the observed yearly sum n =36.28”. The distribution 
is slightly asymmetrical since the mode is in January while the anti- 
mode is in June. The observations and the theory are traced in equiva- 
lent polar and in linear scales in Graph 5. The fit is quite satisfactory, 
since the deviations between theory and observations do not show any 


— = DP Ss OO’ Ut hlUrlCUetliit”* 
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systematic trend. The authors of the article [14] assumed that the dif- 
ferences between the months are due to chance. This opinion implies a 
uniform distribution of the monthly runoff which seems highly improb- 
able, to say the least. 

The circular normal distribution cannot be applied to rivers with 
two regimes, one derived from rainfalls, say in Autumn, and the 
other from the melting of snow, say in Spring. These conditions lead 
to a bi-modal distribution. 


TABLE 4 
MONTHLY RUNOFF IN INCHES: DERWENT RIVER 1905-48 








1 2 3 4 1 2 3 4 


per per 
Month Sum Runoff Month Month Sum Runoff Month 





First Sec. First Sec. 

Adj. Adj. Adj. Adj. 
Jan. 210.29 4.733 4.81 Dec. 191.47 4.309 4.38 
Feb. 171.87 4.282 4.35 Nov. 185.17 4.306 4.31 
Mar. 147.85 3.327 3.38 Oct. 142.28 3.202 3.26 
Apr. 106.84 2.485 2.49 Sept. 91.57 2.130 2.13 
May 78.85 1.775 1.80 Aug. 86.54 1.948 1.98 
June 67.27 1.564 1.56 July 80.09 1.802 1.83 





The monthly evaporations from a reservoir do not form a distribution 
but they may be analyzed as the preceding examples for the reasons 
given above. Since the evaporations depend upon temperature, the 
maximum occurs in summer and the minimum in winter. The observa- 
tions in inches for Yuma, Arizona, taken from the Hydrology Hand- 
book [9] p. 127, and the twice adjusted data are given in the linear 
Graph 6. The mode occurs in July and the anti-mode in January. 
However, the evaporations in the second half of the year are slightly 
stronger than in the first one. Consequently there is a slight shift in 
the mode to 21 July. The theory leads to a very good fit to the observa- 
tions. 

The mean monthly temperatures at a given place do not constitute a 
distribution, since temperatures cannot be added. However, it is cer- 
tainly legitimate to trace them as a function of time. This is done in 
Graph 7 for the mean morthly temperatures in Boston (Mass.) taken 
from Conrad [2] p. 110. A reduction for months of equal lengths 
does not seem to be necessary. The circular distribution, used to repro- 
duce the data, gives an excellent picture. 
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We conclude from the previous examples, which are illustrative of a 
wide range of problems, that the circular normal distribution is an effi- 
cient tool for the analysis of meteorological phenomena, even in cases 
which are not actually distributions. 
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GRAPH 6.Mean Montuty Reservoir EVAPORATION -Yuma (Ariz) 
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3. APPLICATIONS TO VITAL STATISTICS 


The percentage of persons who die each month forms a distribution, 
Since the population is growing in most countries it is customary in 
vital statistics to present instead the death rates, i.e. the number of 
deaths divided by the time lived through by the respective popula- 


GRAPH 7 
Mon7Tuty TEMPERATURES -Gosron (Conrad p./10) 





tion. These monthly death rates per 1000 have the dimension of the re- 
ciprocal of the time and can be compared month by month, and year 
by year. They may be treated for our purposes as if they constituted a 
distribution, since the death rates are proportional to the number of 
deaths for a stationary population. 
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The monthly means of the observed and adjusted death rates in the 
United States, September 1946 to August 1951 are given in Table 5, 
where the mode and anti-mode are given in the first and last lines re- 
spectively. 

TABLE 5 
DEATH RATES U. 8S. A. SEPT. 1946-AUG. 1951 








3 4 
First Sec. 
Adj. Adj. 





10.35 


9.29 
9.29 . 
9.08 : 8.88 
—_ . . 8.67 





n= 117.98 





The two adjustments leave the sum at n=117.98, shift the mode 
from March to February and leave the anti-mode in August. Thereby 
the distribution is made more symmetrical. The square roots of the 
corrected rates are traced on the polar Graph 8. 

It is sufficiently accurate to use k=0.1. This value is rather small 
because the monthly variations are also small. Since both trigonometric 
sums are negative, the mode obtained from tan a» = 0.58487 is ao =210°. 
The mode on 15 February is identical with the observed mode. There- 
fore, we may use the differences of probabilities A®(a) in Table 1 to 
obtain the theoretical rates. The values 117.98A®(a) are given in the 
last column of Table 5. The square roots of these values are plotted on 
the Graph 8. The agreement between theory and observation is quite 
close. No systematic deviations are visible except that the theoretical 
mode is slightly smaller than the observed one. 

Infant death rates are a very important part of vital statistics since 
they reflect Social Hygiene. These death rates are proportional to the 
number of infant deaths for a stationary population and can therefore 
be analyzed by the circular theory. The mean rates for the different 
months twice adjusted are shown at the bottom of the linear Graph 9. 
The mode and the decrease of the frequencies toward the anti-mode are 
quite systematic: the monthly variations are very small. Consequently, 
the value of the parameter k also turns out to be very small and the 
theoretical distributions traced in Graph 9 resemble a uniform dis- 
tribution. 
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The cyclical variation of the number of deaths over the years is a 
very complex result of different causes of deaths having maxima at 
different times. For example, influenza has a mode in January, pneu- 
monia in February, scarlet fever and meningitis in March, measles in 


GRAPH 8 
Deatu Rares U.S.A. Serr. 1946 To AvcGust 195) 
Ae0.105 





April, dysentery in July, typhoid fever in August, poliomyelitis in 
September, diphtheria in October, and tularemia in December. The 
day with maximum probability of deaths should be considered as 
critical. The popular idea of the existence of critical days for certain 
illnesses is completely legitimate. 
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The mean percentages of deaths of children under 1 year of age in the 
United States, August 1947 to July 1951, due to pneumonia and in- 
fluenza are given in Table 6. These percentages are proportional to 
the number of deaths from these causes for a constant number of 
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children who died. Therefore they may be represented by the circular 
distribution. The sum of the observations is n = 114.27; the sum of the 
corrected data is n’ = 113.32. Since the second adjustment would have 
amounted to less than 1%, it was not applied. 
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TABLE 6 


PERCENTAGE OF DEATH OF CHILDREN DUE TO PNEUMONIA 
AND INFLUENZA, U. S. A. 1947-1951 








1 2 3 1 2 3 4 
Fre- Fre- Theo 
Month quency Adjusted Month quency Adjusted Ra vm 
Observed Observed 





Feb. 16.07 17.22 _ _— _ 15.38 
Jan. 14.49 14.02 Mar. 13.97 13.52 14.27 
Dec. 10.31 9.98 Apr. 11.46 11.46 11.60 
Nov. 9.40 9.40 May 8.35 8.08 8.74 
Oct. 7.58 7.34 June 6.05 6.05 6.57 
Sept. 6.02 6.02 July 5.05 4.89 5.33 

_ _ _ Aug. 5.52 5.34 4.93 





Sum 114.27 113.32 113.33 





The distribution is not quite symmetrical. The mode is located in 
February but the anti-mode in July (instead of August). Since the 
mode falls on 15 February we use again the probability Table 1. The 
observed and theoretical wedge diagrams are compared in Graph 10. 
The first may be accepted although the theoretical mode falls short of 
the observed one. 

Pearl [12], p. 153 gives the percentage of total infant mortality due to 
diarrhea and enteritis in the United States for each month, 1933-1935. 
Since these percentages are proportional to the monthly number of 
deaths from these causes for a stationary population with constant 
infant mortality, they may be treated as a circular distribution. The 
mean monthly percentages for the three years adjusted first for months 
of equal lengths and then for the conservation of the sum are given in 
the linear Graph 11. The distribution is slightly skew, since the mode 
is in July, whereas the anti-mode is in February. This produces a 
shift of the theoretical mode to the beginning of August. The fit of the 
theory to the observation shown in the circular Graph 11 is again very 
satisfactory. 

The observed and twice adjusted numbers of persons drowned in each 
month in the United States in 1946 are given respectively in the bottom 
and in the end of the linear Graph 12. The square roots of the cor- 
rected numbers are traced in the wedge diagram. Evidently the 
maximum must lie somewhere in the summer. However, some un- 
fortunate persons drown even in winter by breaking through the ice. 
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The circular character of the distribution is thus clear. However, the 
distribution is not quite symmetrical. The mode is in July, but the 
anti-mode is in December. The frequencies for the beginning of the 
year are stronger than for the end. Therefore, the theoretical mode is 
at 26 June instead of 4 July where it should be according to popular 
customs. The mode of the theoretical curve is smaller than the observed 


GRAPH /0 
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one. Consequently the theory gives too large values for August to 
October. These deviations are due to the skewness of the observed 
distribution caused by the heterogeneity in the data. The activities in 
which drowning occurred in July differ from those in December. The 
drowned in summer come from another population than those drowned 
in winter. 
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4. APPLICATIONS TO ECONOMIC TIME SERIES 


Other possible applications may be found in economic time series, 
But they entail certain difficulties which must be pointed out. First, 


GraPu 15 
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most series of prices, production and trade do not constitute distri- 
butions. Second, economic time series usually contain secular or cyclical 
movements, which the economist would want to eliminate before in- 
vestigating the seasonal movements; but the process of eliminating 
these undesirable influences and expressing the series as a set of sea- 
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sonal relatives, as it is often done, leaves the series with less re- 
semblance to a distribution than it had originally. Finally, the seasonals 
in many time series have configurations that cannot be adequately 
fitted by the assumption of a single circular distribution. These three 
difficulties are amplified in connection with the illustrative examples 
presented below. 

The monthly egg production per laying hen, Table 7, given by Ken- 
dall [10], p. 368, is not, strictly speaking, a frequency distribution. 
Although the eggs produced in a period of years by a single hen, a flock 
of hens or even by all hens consist of discrete countable units, the 
process of dividing the number of eggs produced by the number of hens 
producing them conceals the actual egg frequencies, which are not 
available. However, the eggs-to-hens ratio may be regarded as a sort of 
distribution for an average hen or an average flock. The observed and 
twice adjusted data are given in Table 7 and traced in Graph 13. 


TABLE 7 


MONTHLY EGG PRODUCTION PER LAYING HEN U. &. A. 
1938-1940 








1 2 3 1 2 3 4 5 


Month Obs. Adj. Month Obs. Adj. Bal ~ 





May 17.10 16.91 — _ —_ 17.20 18.13 
Apr. 17.00 17.00 June 14.77 14.77 16.14 16.47 
14.90 14.73 July 13.40 18.25 13.59 12.99 

9.53 10.43 Aug. 11.77 11.63 10.74 10.01 

7.70 7.61 Sept. 9.47 9.47 8.48 8.29 

6.67 6.66 Oct. 7.60 7.51 7.13 7.52 

— — Nov. 6.03 6.03 6.69 7.30 





The calculations lead to a mode on 16 May. We choose instead 15 
May, a difference which is not visible in the graphs. Interpolation for 
k=0.477 in Table 1 leads to the theoretical number of eggs given in 
Table 7, column 4. The fit between theory and observations is good and 
no systematic deviations exist. 

If we consider only the differences of the numbers given in Table 7, 
column 3 from their minimum 6.033, the sum of these numbers is 
n’' =63.64. The resulting vector strength obtained from (1.5) is 4 
=0.4961. The direction of the mode remains unchanged. Table II 
leads to the estimate k = 1.14. The theoretical results 6.03 +-63.64A9(a) 
obtained from Table 1 are given in the last column of Table 7 and are 
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traced in the lower part of Graph 13. The difference in the two repre- 
sentations are not visible in the polar Graph 13. The distribution ob- 
tained by the composition of a uniform and a circular distribution 
does not show a better fit to the observations than the simple pro- 
cedure used before. 

The observations in the following examples are treated according to 
the uniform procedure outlined in paragraph 1. 

The series on automobile production [1] is a genuine frequency dis- 
tribution consisting of discrete, countable units—i.e., the number of 
automobiles produced in three years allocated by months. Since these 
are original data, no adjustments have been made for cyclical, secular 
or irregular influences, except those for length of months (column 3). 


TABLE 8 
PASSENGER CARS PRODUCTION 








3 4 1 2 4 4 
Adj. Reded. Month Obs. Adj. _Reded. 





1538 1.193 _ _ _ — 
1453 1.127 July 1435 1389 1.078 
1674 1.144 June 1527 1527 1.185 
1251 0.971 May 1197 1158 0.898 
1154 = 0.895 Apr. 1200 1200 =0.931 
1084 0.841 Mar. 1223 1184 = 0.919 
— _ Feb. 985 1055 380.818 





Sum 15695 15667 12.000 





The mean monthly number of cars produced is 1308. Division of 
column 3 by this number leads to column 4, the sum of which is of 
course 12. 

The irregular movements are rather pronounced. August is the 
modal month, but October and June exceed September and July, hence 
these months appear as conspicuous valleys. Since n=12 the values 
¥(a) in Table III constitute the theoretical distribution. It is sufficiently 
accurate to use k=0.2. The smooth curve in Graph 14 does not give a 
bad fit and especially the mode and anti-mode are conserved. 

The series on pig-tron production, taken from Croxton and Cowden 
[5], p. 374, consists of seasonal relatives corrected for cyclical, seculas 
and irregular influences. The resulting wedge diagram, Graph 15 is, 
therefore, fairly regular. The amplitude is not very large. The anti- 
mode precedes the mode by 5 instead of by 6 months, implying a some- 
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what skewed distribution. The mode is well reproduced and on the 
whole the fit is good, since the deviations between theory and observa- 
tions do not show any systematic pattern. 


GRAPH /4 
Passencer Car Prooucrion U.S.A. 1948-50 in UmrORM SCALE 
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In the sales of Misses’ coats, 1926-30 [11] p. 393, two modes and two 
antimodes exist, April, October and July, February, respectively. 
Clearly such observations cannot be fitted into the scheme of a single 
circular distribution. 


5, OUTLOOE 


The introduction of a new distribution solves certain statistical 
problems, but at the same time raises a considerable number of new 
problems, some of which are enumerated below: 
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TABLE 9 
ESTIMATION OF PARAMETERS 


—— 








1 Material Symbol From Rainfall Runoff Evaporation Temperature 





2 Place USA 156 Derwent Yuma (Ar.) Boston 
Stations (Mass.) 

3 Date 1908-37 1905-48 
4 Sample Size 7235 36.28 . 595.2 
5 Cosine 3997 .23 — 9.355 . 130.19 
6 Sine z 237.31 2.086 ' 21.58 
7 Tangent 0.0594 — 0.223 . 0.1657 
8 Mode i 18 July 2 Jan. 24 July 
9 Sum 4004 .27 9.548 a 131.96 
10 Vector 

Strength 0.553 0.264 
11 Parameter 1.338 0.548 
12 Factor 24.554 1.739 
13 Table in graph 4 
14 Graph 4 5 





Infant 


1 Material Death Pneumonia _ Diarrhea 
Rate 





2 Place USA USA USA 
3 Date Se 45- Au. 47- 1933-1935 
Au. 51 Ju. 51 

4 Sample Size Obs. 383 .97 113.32 101.00 
5 Cosine Eq. (1.3) ‘ —15.241 —27 .232 26.732 
6 Sine = eq. (1.4) ; — 4.545 —15.507 12.934 
7 Tangent lines 5, 6 i 0.298 0.569 0.484 
8 Mode line 7 2 Feb. 15 Feb. 11 Aug. 
9 Sum eq. (1.5) . 15.746 31.338 29 .696 
10 Vector 

Strength lines 4, 9 : 0.041 0.276 0.294 
11 Parameter Table II i 0.082 0.576 0.625 
12 Factor line 4 5.657 3.071 2.901 
13 Table in graph 6 in graph 
14 Graph 9 16 11 





Eggs . 
— Car Pig 
1 Ms l — Prod. Iron 





USA USA 
1948-50 1936 
Obs. 12.00 12.00 
eq. (1.3) m 1.045 0.3635 
i eq. (1.4) 0.494 — 0.4756 
7 Tangent lines 5, 6 —1.308 
8 Mode line 7 22 May 
9 Sum eq. (1.5) 0.599 
10 Vector 
Strength lines 4, 9 J " 0.050 
11 Parameter Table II 
12 Factor line 4 . 1 
13 Table — 
15 Graph 15 
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If the deviations between the observations and a circular uniform 
distribution are small, a criterion for the reality of a cycle is needed, 
see [6]. We want to know whether a mode and anti-mode exist or are 
spurious and due to chance. In statistical terms this means: let the 
population value of the parameter be « (e.g. zero) ; what is the probabil- 
ity of obtaining a certain value of k or a larger one from a sample of 
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size n? A similar, but more complicated, problem is to test the differ- 
ences between the modes and values of the parameter k obtained from 
two samples. Finally a test for the goodness of fit between theory and 
observations is needed. 

The following systematic deviations between theory and observa- 
tions may exist: the observed values about the mode exceed (fall short 
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of) the theoretical values and show the opposite behavior at the anti- 
mode; the observed mode differs sensibly from the theoretical one; the 
observed antimode is not distant 180° from the observed mode, 
Finally there may be two modes and two antimodes. One of the latter 
may not be visible. In all these cases the chance distribution about one 
fixed date does not explain the observations. Then there must exist 
systematic reasons which have to be investigated from the intrinsic 
nature of the observations. 

The simplest statistical explanation for such divergencies is the 
assumption that two cycles are involved instead of one. Two uni- 
form distributions give again a uniform distribution. The composition 
of a uniform and a circular normal distribution leads, as shown before, 
to a circular normal distribution. The composition of two circular 
normal distributions with the same values a and k leads again to a 
circular distribution with a and k. Finally let a1 az be the two modes, 
let kik, be the two measures of concentration, let A; and Az be the 
relative weights of the two constituents, then the composite distribu- 
tion is 

Aje*! cos (a—a1) Aze* cos (a—a2) 


2aIo(k;) * 2x1 o( ke) 





o(a) = 


If the two modes of the component distributions are sufficiently 


near to each other, the combination may lead to an apparent single 
mode situated somewhere between them. If the two modes are suffi- 
ciently apart, the composition may lead to one mode and one hump, 
corresponding to an inflection point in linear scale, or to two modes, 
shifted of course from the original modes. The antimode or anti- 
modes are no longer at a distance of 180 degrees from the mode or 
modes. The location of the modes or antimodes formally obtained by 
differentiation of ¢(a) are complicated functions of a1, a2, ki, k2 and 
Ai, Az. 

Graph 16 obtained from Table 1 and traced to linear scale, shows two 
component distributions with modes a, and a, at 15 July and 15 Oc- 
tober, with parameters k;=.5 and kz=1 and weights Ai1=3, A2=2. 
They combine into an asymmetrical distribution with a mode in 
September and a minimum in February. 

Graph 17 traced in aequiareal scale shows the composition of two 
circular distributions of equal weight and with values k=2, centered 
on a1=0 a2=-7 together with the two components. 

The converse problem of separating an observed asymmetrical or 
symmetrical circular distribution into two symmetrical parts presents 
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no logical difficulties. However, great analytic difficulties arise from 
the estimation of the five parameters a1, a2, ki, ke, where Ai=A, 
A,=1—A. Karl Pearson [13] has solved the corresponding problem 
within the linear normal distribution. In the general case it leads to 
an equation of the ninth degree. The difficulties are reduced see [3], 
if certain assumptions can be made about the modes or the values of 
the parameters k or the weights. By this procedure asymmetrical 
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periodic phenomena can be analyzed by the addition of circular 
normal distributions. 

Another method consists of wrapping an asymmetrical unlimited 
distribution around the circle. Even after the above problems are solved 
there will remain many cycles that cannot be analyzed by circular 
distributions. Statistics were not statistics if everything could be ex- 
plained by this method. 

Acknowledgment: The author is indebted to Arnold Court (Univer- 
sity of California, Berkeley), David Durand (National Bureau of Eco- 
nomic Research), and J. A. Greenwood (Manhattan Life Insurance 
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A NEW TYPE OF CONTROL CHART LIMITS FOR 
MEANS, RANGES, AND SEQUENTIAL RUNS 


H. WEILER 
New South Wales University of Technology, Sydney, Australia 


Since most conventional control chart limits are designed 
so that the ratio of the expected number of false alarms to the 
number of samples tested is fixed in advance irrespective of 
the sample size, the ratio of false alarms to the number of 
articles tested varies with the sample size. In this paper, con- 
trol charts are designed for which the expected ratio of false 
alarms to the number of articles tested is independent of the 
sample size. The power of the control charts in relation to 
sample size is investigated. 


1. INTRODUCTION AND SUMMARY 


HE usual control chart controlling the mean of a normal population 
Tis constructed in the following way: After the mean and standard 
deviation of the population have been reliably estimated, samples of 
fixed size n are selected and their arithmetic means z= = z/n are cal- 
culated. A chart is then constructed with control limits m+ Bo//n, 
where m‘and o are estimates of the population mean and standard 


deviation, and B a constant. The various values of z are entered in the 
chart in chronological order, and as soon as one such value falls outside 
the control limits, production is stopped to allow investigation. 

It is customary to take B equal to 3 or 3.09, irrespective of the sample 
size n. If B=3.09 and if the population mean and standard deviation 
remain unchanged, an average of 500 samples will be required to pro- 
duce one z value above the upper or below the lower limit. This means 
that an average of 500n articles will be tested for every one false alarm 
raised. The usual practice of setting control limits entails therefore 
that the average number of articles tested between two false alarms 
depends on the sample size n used for the control chart. This is likely 
to be an undesirable feature in quality control, where the cost of in- 
spection is usually proportional to the number of articles inspected. 
The production engineer will therefore be interested in the number of 
articles rather than the number of samples tested. 

In this paper, tables are provided for the determination of control 
limits for which the average number of false alarms (or Type I errors) 
is a fixed percentage of the number of articles tested, independent of 
the sample size. Curves similar to power curves are drawn for various 
sample sizes, giving the average amount of inspection in terms of the 
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amount by which the population mean has changed. A similar pro- 
eedure is adopted for range charts. 

One important result of the investigations is that the power of a 
mean chart increases rapidly with the sample size. For instance, the 
average amount of inspection required to detect a given change of the 
population mean is in most practical cases about twice as large for 
sample size n=5 as it would be if a chart for sample size n=10 were 
used (unless the change of the mean is very large). For samples of 20, 
the average amount of inspection can, under certain favorable circum- 
stances be as little as one quarter of the amount required with samples 
of 5. This has already been pointed out in two previous papers [2, 3]; 
the results obtained here are even more striking. 

However, since it is often necessary to maintain small samples in 
spite of the loss of power, it was shown in [3] that the power of small 
samples can be improved by charts using sequential runs. In the 
present paper, tables similar to those mentioned above are provided 
for the determination of suitable control limits for run charts. The cor- 
responding curves show that the amount of inspection is greatly re- 
duced, although it is frequently still high compared with the amount 
required for simple large sample charts. 

Finally, run charts for ranges are briefly investigated. It turns out 
that the power of range charts is practically independent of the sam- 
ple size and that the use of runs does not represent an improvement. 


2. CONTROL LIMITS FOR MEAN CHARTS 


If P is the probability that a random sample mean falls above the 
upper control limit, then about 100P samples in every 100, or one in 
every 1/P samples will fall above the upper control limit. It follows 
that on the average n/P articles will be tested before an alarm is reised 
at the upper limit. 

Now, let p be the probability that a random sample causes a false 
alarm at the upper limit, and let a be the average number of articles 
tested before the false alarm is raised. We have then a=n/p or p=n/a. 
If n and a are given, p can be determined; and if we assume z to be 
normally distributed, we can determine B such that the probability is 
p that z exceeds the upper control limit m+Bo/+/n, where m is the 
mean and o the standard deviation of the parent population. If, for 
instance, we take n=5 and a=5000, we have p=0.001, and we obtain 
B=3.09 from a set of normal tables. 

Proceeding in this manner for various sample sizes, but keeping 
a=5000 fixed, we obtain the values of p, B, B/./n shown in Table I. 
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TABLE I 
VALUES OF p, B, B/./n, WHEN a=5000 


Notation: p =probability that a random sample causes a false alarm; n =sample size; a =average 
number of articles tested before an alarm occurs at the upper (or lower) control limit, if the process 
remains under control. 








— 


n 3 4 5 6 8 10 
p .0006 .0008 .0010 .0012 .0016 0020 
B 3.24 3.16 3.09 3.03 2.95 2.88 

B/Vn 1.87 1.58 1.38 1.24 1.04 0.91 











Similar arguments hold for the lower control limit, so that in each 
case an average of one false alarm above the upper and one false alarm 
below the lower control limit must be expected for every 5000 articles 
tested. In other words, we will be able to test an average of 2500 arti- 
cles before one false alarm is raised either way. 

Control limits for values of a other than 5000 may be calculated in 
the same way. Table II gives values of B/+/n for various values of a 
and for sample sizes ranging from 3 to 50. 


TABLE II 


VALUES OF B//n FOR CONTROL LIMITS m+(B/Vn)o 
FOR MEAN CHARTS 
Notation: n =sample size; m =population mean; ¢ =population standard deviation; a =average 
number of articles tested before an alarm occurs at the upper (or lower) control limit, if the process 
remains under control. 
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To determine the control limits m+(B/+/n)c, we estimate the mean 
mand standard deviation o of the population and obtain the appropri- 
ate factor B/+/n from Table II. If, for instance, we want to use sam- 
ples of size n=8, and if we wish to test an average of 2000 articles 
before raising a false alarm either way (a= 4000), we find B/./n=1.02, 
and the control limits are m+ 1.02¢. 


8. THE AVERAGE AMOUNT OF INSPECTION WHEN THE 
POPULATION MEAN CHANGES 


If the population mean changes from m to m+koe (k>0) while o 
remains constant, the variate Z will have the mean m-+ko and the 
standard deviation o/+/n, so that the variate 
E — (m + ko) 

a/Vn 
is a standardized normal variate (mean zero and S.D. one). The prob- 
ability that # exceeds the upper control limit m+Bo//n is then 


Bo Bo 
P = Pr {ezm+—t = Pr {2 — m — ke = — — keh 
/n J/n 





(1) z= 


(2) 





z—m—k e F 
-Pr i “2 B-ivah = Pr {2 > B— kya}. 


a/V/n 


The average number of articles tested before an alarm is raised at the 
upper limit is then A(n)=n/P, where 


1 C-) 
Po xp (— ° 
(3) ef exp (— eae 

For any given n and B, the average number of articles tested (or 
“average amount of inspection”) A(n) is a function of k, whose values 
can be calculated with the aid of a set of normal tables. 

In Charts I and II, A(n) is plotted against k for various values of n, 
while a= 2000 and a= 5000, respectively. Both charts show clearly the 
superiority of large sample sizes over a wide range of k values. For 
instance, n=10 is more powerful than n=5 for any value of k less 
than 1.2 or 1.3, and n=20 is more powerful than n=5 for k less than 
1.0 or 1.1. In particular, for a= 5000 and k=0.7, the average amount of 
inspection is 80 for n=5, 40 for n=10, and only 30 for n=20. The sav- 
ing of inspection is even greater when samples of 50 are used, but the 
range of k for which such a large sample size is powerful is rather re- 
stricted (k<0.5, say). Only for the detection of very large shifts of 
the mean will small samples be more powerful than large samples. 
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Cuart I. Average Amount of Inspection 
A(n) in Terms of k, for Mean Charts with 
a = 2000. 


Notation: n=sample size; A(n) =average number of 
articles tested before an alarm occurs at the upper control 
limit, if the population mean has shifted from m to m+ke; 
@ =average number of articles tested before ar. alarm occurs 
at the upper (or lower) control limit, if the process remains 
under control. 








































































































CONTROL CHART LIMITS 


Cuart II. Average Amount of Inspection 
A(n) in Terms of k, for Mean Charts with 
a = 5000. 


(Notation as in Chart I.) 
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In Chart III, A(n) is plotted against k for the fixed sample size 
n=10 and various values of a. They show that we are able to reduce 
the average amount of inspection by making a smaller, that is, by in- 
creasing the average rate of false alarms. The curves show, however, 
that small values of a are useful only for the detection of small changes 
of the population mean. If, for instance, a= 5000 is replaced by a= 1000, 
the average number of false alarms becomes 5 times as large, but the 
number of real alarms when k=0.6 is only doubled. 

With the help of Charts I and II, it will be easy to decide whether 
large or small samples should be taken. If we are mainly concerned with 
the detection of shifts of the mean larger than (say) one standard 
deviation, small samples are advisable. If, on the other hand, small 
values of k are expected, the samples should be large. If, for instance, 
k is expected to lie between 0.4 and 0.8, both charts show that the 
sample size n= 20 is more powerful than n= 10. If, on the other hand, 
k is expected to lie between 0.8 and 1.2 (say), samples of 10 are better 
than samples of 20. Once a and n are fixed, the control limits can be de- 
termined by means of Table II. 


4. CONTROL LIMITS FOR RANGE CHARTS 


If 21, 22, - + +, 2, is a random sample of n observations arranged in 
order of magnitude, the variate R=z,—2, is called the range of the 


sample. Instead of the range R, we shall consider the variate w= R/c, 
where o is the standard deviation of the parent population. 

No simple expression exists for the probability law ¢,(w) of w, but 
tables have been prepared for the probability integral 


w 
(4) pa(W) = f $a(to) deo 


when the parent population is normal [1]. This expression represents 
the probability that a random sample of size n has a range less than a 
given multiple W of the population standard deviation o. The prob- 
ability that the range exceeds the value We is equal to 1—p,(W). 

Like the control chart for means, most control charts for ranges have 
an upper and a lower control limit. When a sample range falls outside 
the control limits, it is regarded as an indication that the standard 
deviation of the population has changed. 

We shall determine the control limits Wic SRS Wee such that the 
expected number of articles tested before a false alarm at the upper 
limit Wee, or at the lower limit Wie, is equal to a preassigned number a 
for any sample size n. 








CONTROL CHART LIMITS 


—_—_—- 


Ain)} 
$000 





Cuart III. Average Amount of Inspection 
A(n) in Terms of k, for Mean Charts with 
3000 n=10. 
(Notation as in Chart I.) 
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Let pi=pn(Wi) and p2=pn(W2) be the probabilities that the range 
of a random sample falls below the lower and above the upper limit, 
respectively. As in Section 2, we have then pi=p2=n/a. The values 
of W, and W, can then be determined easily by means of the above 
mentioned tables [1]. If, for instance, n=5 and a=5000, we have p, 
= p2=0.001, and the tables provide W:=0.37 and W:=5.48. Similarly, 
the values of W, and W: may be found for other values of n and a; 
they are tabulated in Table ITI. 
TABLE III 
VALUES OF W,; AND W: FOR CONTROL LIMITS WicSRS Wie 
Notation: n =sample size; R =sample range; ¢ =population standard deviation; Wie =lower con- 


trol limit; W:c =upper control limit; a =average number of articles tested before an alarm occurs at the 
upper (or lower) control limit, if the process remains under control. 








n a=1000 a = 2000 a =3000 a =4000 a =5000 





3 4.64 4.00 5.06 5.18 25 
0.10 0.06 0.06 0.05 04 





.78 5.05 23 5.31 40 
31 0.25 .22 0.20 18 





.88 15 .30 41 48 
-55 -46 -42 .39 .37 





-96 .23 .38 .48 55 
.78 6% -62 .58 56 





-02 .29 44 54 .63 
.93 86 80 .76 73 





.07 34 47 .58 67 
16 -04 .97 .93 .90 





.12 .38 .53 5.64 .70 
.33 .19 13 -09 05 





5.16 5.42 .57 .67 73 
47 .33 27 .22 18 




















~5. THE AVERAGE AMOUNT OF INSPECTION WHEN THE POPULATION 
STANDARD DEVIATION CHANGES 


Suppose that the standard deviation of the parent population 
changes from ¢ to o’=keo, k>1. The variate w’=R/o’ has then the 
same distribution as previously the variate w=R/c. It follows that 
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the probability that the range R of a random sample falls above the 
upper limit Wee is 
o 


P 1 — Pr {R< Wee} = 1-Pr fw’ < W, \ 
Co 


W, W 
1 — Pr {w < > = | -f ¢,(w)dw, 
0 


where W = W2/k. 

The average number of articles tested before a change of the stand- 
ard deviation from o to ko is detected is, as in Section 3, A(n) =n/P. 
A(n) depends on n and k and also on the number a defined in Section 
4, Its relation to k for any given values of a and n can be easily obtained 
by means of the range tables [1]. 

In Charts IV and V, A(n) is plotted against k for some values of n 
and a. Chart IV shows that little is gained by increasing the sample size 
from n=5 to n=10. Chart 5 shows that the amount of inspection may 
be reduced by making a smaller, but, as for mean charts, small values 
of a are useful only for the detection of small changes in the standard 
deviation. 


(5) 


6. CONTROL LIMITS FOR MEAN CHARTS USING RUNS 


It was shown in [3] that the power of mean charts for small samples 
can be improved by the use of runs. For such charts, control limits 
m+Bo/+/n are determined, and as soon as \ successive £ values fall 
above the upper or below the lower control limit, alarm is raised and 
production is stopped to allow investigation. We shall again determine 
B such that the average number of articles tested between two suc- 
cessive false alarms is independent of the sample size. 

If P is the probability that a random £ value falls above the upper 
control limit, the average number of samples that will pass before \ suc- 
cessive £ values fall above the upper limit is [3] S=P'*+P?+--- 
+P-. The values of P for any B, k, and n are again given by equation 
(3). The average number of articles tested before an alarm is raised at 
the upper control limit, is then A(n)=nS. 

In particular, a false alarm is raised when k=O. The probability P 
then becomes . 


(6) p= a f exp (—42")dz, 
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Cuart IV. Average Amount of Inspection 
A(n) in Terms of k, for Range Charts with 
a = 5000. 

Notation: A(n) =average number of articles tested 
before the alarm occurs at the upper control limit, if the 


population standard deviation has changed from ¢ to ke; 
a and a are defined as in Chart L 
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Cuart V. Average Amount of Inspection 
A(n) in Terms of k, for Range Charts with 
n=10. 


(Notation as in Chart IV.) 
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and the average number of articles tested before a false alarm is raised 
at the upper control limit is a=ns, where s=p~'+p?°+ -- + +p>. If, 
for instance, a= 5000, \=2, and n=4, we find p=0.0287. A set of nor- 
mal tables supplies B= 1.90, and B/./n=0.95 follows. In this way we 
can determine control limit factors B/./n for various values of }, a, 
and n, as shown in Table IV. 


TABLE IV 


VALUES OF B/./n FOR CONTROL LIMITS m+(B/Vn)o 
FOR RUN CHARTS 
Notation: n =sample size; m=population mean; ¢ =population standard deviation; a =average 
number of articles tested before a run of \ sample means occurs above the upper (or below the lower) 
control limit, if the process remains under control. 
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7. THE AMOUNT OF INSPECTION FOR RUN CHARTS 
CONTROLLING THE MEAN 


In this section, we shall discuss power curves similar to those given 
in [3]. The curves shown in this paper differ from those in [3] only in the 
values of B, which here are functions of n such that the average number 
a of articles tested between two successive false alarms becomes inde- 
pendent of the sample size. 

To find the value of A(n) =nS for any given n, \, a, and k, we deter- 
mine first the value of B/./n from Table IV. We then find P by 
equation (3), using a set of normal tables, and deduce S=P-!+P”* 

















Cuart VI. Average Amount of Inspection 
A(n) in Terms of k, for Run Charts with \ =2, 
a = 4000. 


Notation: n=sample size; A(n) =average number of 
articles tested before a run of } sample means occurs above 
the upper control limit, if the population mean has shifted 
from m to m+ke; a=average number of articles tested 
before a run of } sample means occurs above the upper (or 
below the lower) control limit, if the process remains under 
control. 
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Cart VII. Average Amount of Inspection 
A(n) in Terms of k, for Run Charts with \ =3, 
a = 4000. 


(Notation as in Chart VID 
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Cuart VIII. Average Amount of Inspection 
A(n) in Terms of k, for \=1, n=20 and) =3, 
n=m4, 


(Notation as in Chart VL.) 
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+----+P>. (Actually, to plot the curves, we found it more con. 
venient to start with given values of P and to deduce corresponding 
values of k, S, and A(n).) 

Chart VI shows that for \=2 it is still advantageous to take a large 
sample size, such as n= 10. On the other hand, n = 20 represents only a 
slight improvement on n= 10, and this only over a restricted range for 
k(k<0.6). When \=3 is used (Chart VII), the advantage of larger 
samples becomes even less pronounced. However, Chart VIII shows 
that there is still a considerable saving in inspection when a simple 
chart (\=1) for large samples can be used instead of a run chart for 
small samples. 


8. THE USE OF RUNS FOR RANGE CHARTS 


Instead of stopping the production when a single value of R falls 
outside the control limits 2,, R, of an ordinary range chart, we may cal- 
culate a pair of narrower control limits R,’, R,’, and stop production as 
soon as \ successive R values fall above the upper or below the lower 
control limits. The new limits are obtained as in Sections 4 and 6 
(e.g. for n=5, \=2, we obtain R,’ =4.08c). 

Power curves can then be plotted by the methods described in Sec- 
tions 5 and 7, but results obtained show that the use of runs reduces 
rather than improves the power of the chart. 
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[3] Weiler, H., “The use of runs to control the mean in quality control,” Journal 
of the American Statistical Association, 48 (1953), 816-25. 





PROCEEDINGS 


AMERICAN STATISTICAL ASSOCIATION 
113TH ANNUAL MEETING 


SHOREHAM HOTEL, WASHINGTON, D. C. 
DECEMBER 28, 1953 


MINUTES OF THE ANNUAL BUSINESS MEETING 
The meeting was called to order by William G. Cochran, outgoing President 


of the Association. 


Report of the Committee on Elections 


A Report of the Committee on Elections shows the following officers elected 


for 1954: 


President Elect, 
Vice President (1954-56) 
Directors (1954-56) 


Representative at Large 
(1954-55) 

District Representatives 
Northeastern District 
Eastern District 
Southeastern District 
North Central District 
South Central District 
Western District 


Report of the Board of Directors for 1953 


Ralph J. Watkins 
Henry Scheffé 
Jacob Marschak 
Donald C. Riley 


Daniel B. deLury 


Chester I. Bliss 

George Garvy 

Frank A. Hanna 

Paul R. Rider, Lucile Derrick 
William Kester 

John C. McKee 


The Report of the Board of Directors was read and accepted. The Report is 
published separately following the Minutes of this Meeting. 


Report of the Secretary-Treasurer for 1953 


Samuel Weiss read the Report of the Secretary-Treasurer for the year 1953. 
The Report was accepted. The Secretary-Treasurer’s Report is published sep- 
arately following the Minutes of this Meeting. 


Report of the Committee on Resolutions 


The Committee on Resolutions presented the following to the membership 


for their consideration: 


1. Resolution regarding the Program Committee 
RESOLVED that the members and officers of the American Statistical 
Association express deep appreciation for the excellent program prepared 
by members of the Program Committee under the leadership of Herbert 


Solomon, Chairman. 


2. Resolution regarding the Local Arrangements Committee and the Wash- 


ington, D. C. Chapter. 
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RESOLVED that the members and officers of the American Statistica] 
Association express their profound appreciation to the Local Arrangements 
Committee under the Chairmanship of Donald C, Riley and to all of the 
individuals of the Washington, D. C. Chapter for their outstanding work 
and hospitality in connection with the arrangements for the 113th Annual 
Meeting of the Association. 

The resolutions were approved. 


Report on the Schedule of Forthcoming Meetings 
The forthcoming meetings of the Association are scheduled as follows: 


1954—Annual Meeting— Montreal, Canada—September 10-13, 1954 

1954—Regional Meeting—-San Francisco Regional Conference—Berkeley, Cali- 
fornia—December 1954 

1955—Annual Meeting—New York City—December 27-29, 1955 


There being no new business, the meeting was adjourned. 


REPORT OF THE BOARD OF DIRECTORS, 1953 


Activities of the Association during 1953 were vigorous and widespread in 
scope. This was coupled with a most successful financial year. Details of finance 
and membership will be found in the Secretary-Treasurer’s Report. 


1. Sections and Committees 


The Board has granted sectional status to the Social Statistics Section, for- 
merly the Committee on Statistics in the Social Sciences. This Committee re- 
quested sectional status at the Meeting of the Incoming Board and Council in 
December, 1952. The matter was referred to the Committee on Committees, 
which, after reviewing the final charter of the proposed section, recommended 
to the Board that approval be given. The approval of this Charter makes this 
the fourth Section of the Association; the other three being the Biometric Sec- 
tion, the Business and Economics Statistics Section and the Section on the 
Training in Statistics. 

These four Sections and the Committee on Statistics in the Physical Sciences 
have been extremely active in the formulation and planning of the Annual Meet- 
ing programs, as well as the planning for a number of successful Regional Meet- 
ings. Without any question, the formation of the Sections has been extremely 
beneficial to the Association. The variety of interests of the membership of the 
Association is best served by the activity of these Sections. 

Two ad hoc committees were constituted by the Board this year. They are the 
Ad Hoc Committee on Publications Policy and the Ad Hoc Committee on Sta- 
tistical Standards and Organization. Both groups were asked to make their 
Reports to the Board so that action may be taken on their recommendations in 
these two important areas. 

The Board wishes to commend the 1953 Program and Local Arrangement 
Committees. The former, with Herbert Solomon as Chairman, has done an 
outstanding job of presenting a well-balanced, varied group of sessions for the 
Annual Meeting. The Local Arrangement Committee, chaired by Donald Riley, 
has worked very hard to ensure a successful meeting. Their efforts for ASA, in 
cooperation with the other societies meeting jointly, have produced a memorable 
convention. 
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2. Abstracts 


This year for the first time the Association has published abstracts of papers 
presented at the previous Annual Meeting in the Journal of the American Sta- 
tistical Association. The editor of these abstracts was Arman Alchian. The 
Board is very pleased to announce that Professor Alchian has agreed to continue 
in this position for the coming year. It is hoped that, with cooperation from per- 
sons presenting papers at this Annual Meeting, the abstracts will appear in an 
early issue of the 1954 volume of the Journal. 


3. New Constitution 


The new Constitution, approved by the membership in a mail ballot in 1953, 
will go into effect January 1, 1954. The changes incorporated into the new version 
are, for the most part, procedural rather than substantive, and should facilitate 
the operation of the Association. The draft version, which was ratified by the 
membership, was printed in the June-July, 1952 issue of the American Statis- 
tician. 


4. New Chapters 


During 1953 four new Chapters were granted Charters by the Board of Di- 
rectors. The new groups are located in Tulsa, New Orleans, Puerto Rico and 
Milwaukee. The Board extends a welcome to these new Chapters. 

The total number of active Chapters has now reached 31. Chapter meetings, 
often in cooperation with local chapters of other societies, offer a wide variety 
of topics to the membership in the fields of statistical interest. 


5. Conferences and Meetings 


During 1953 the Business and Economic Statistics Section sponsored two 
regional conferences. The first was held on April 30 and May 1 in cooperation 
with the Graduate School of Industrial Administration at the Carnegie Institute 
of Technology and the Pittsburgh Chapter of the American Marketing Associa- 
tion and the American Society for Quality Control. The Conference was devoted 
to modern statistical methods in business and industry. 

The second Conference, sponsored jointly with the Wharton School of the 
University of Pennsylvania, within its theme of business statistics was divided 
into three main sessions—on capital outlays, production scheduling and sales 
forecasting. This Conference took place in Philadelphia on June 11 and 12. Both 
Conferences were well attended and very successful. 


6. New Monograph 


Following the Association’s policy of a more vigorous program of publication, 
the Board has voted to publish as a monograph the complete Report of the ASA 
Committee to Advise the National Research Council Committee for Research 
in the Problems of Sex. This Report, dealing with the volume on the human male 
entitled “Sexual Behavior in the Human Male,” by Professor Kinsey and his 
associates, will be available in 1954. Certain sections of the Report are also being 
published as articles in the Journal of the American Statistical Association. 


7. New Appointments of ASA Representatives 


Samuel S. Wilks was elected by the Council to continue to serve as the ASA 
Representative to the Social Science Research Council for a three-year term. 
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The National Bureau of Economic Research announced the resignation, due 
to illness, of Frederick C. Mills as ASA Representative to its Board of Directors, 
The Board has appointed W. Allen Wallis to complete the unexpired portion of 
Dr. Milis’ term. A resolution was received from the National Bureau of Eco- 
nomic Research which expressed deep regret for the necessity of Dr. Mills’ 
resignation and thanking the ASA for his valuable services during his tenure of 
office. 


8. Journal of the American Statistical Association 


The Board approved an increase in the budget for the Journal for 1953, with 
the result that more articles were published in the 1953 volume, and the number 
of pages increased by approximately 25 per cent over 1952. In addition, the 
Board approved an increase in the funds for editorial assistance, which heretofore 
has been supplied by the University of Chicago. 


9. Reduction in Dues for Foreign Members 


The Board voted to reduce the dues for persons residing outside North Ameri- 
ca, beginning in 1954. The reduction from $8.00 to $5.00 yearly will make it 
easier for many foreign members in terms of dollar exchange. It is expected that 
the slight loss in income from this reduction will be more than offset by the in- 
crease in new members outside North America. A 1954 drive for new foreign 
members is planned. 


10. Future Meetings 


Future plans of the Association call for the 1954 Annual Meeting to be held 
in Montreal, Canada, on September 10-13. Two Regional Meetings are also 
being planned for 1954. The Chicago Chapter, in cooperation with other Chap- 
ters in its District, has begun work on a meeting to be held in the spring, prob- 
ably during April. A Western Regional Meeting has been scheduled for San 
Francisco in December of 1954, in conjunction with the American Association 
for the Advancement of Science. Final dates and headquarters for this conference 
have not yet been chosen. Advance publicity will be issued for both of these 
Regional Meetings. 

The Montreal Meeting was planned for September to leave Christmas week 
free for members who usually attend annual Meetings, and to attract those who 
do not attend late December Meetings. In this sense it is an experiment designed 
to guide the Association in the selection of other meeting dates. The widest under- 
standing of the nature of the experiment will help its success. 


REPORT OF THE SECRETARY-TREASURER, 1953 


A drive for an increase in new members which started in 1952 continued ac- 
tively in 1953. This, together with a policy of careful economy, has resulted in 
increasing the Association’s surplus by a wider margin than ever before. 

Income for 1953 was budgeted at $52,650. The actual total 1953 income is 
$60,377.31. This difference is due to a rise in income of most budgeted items, 
but primarily results from increases in receipts from membership dues, sales of 
publications and subscriptions. Expenses were budgeted at $50,612. The actual 
total 1953 figure is $50,433.83. All expenses have been kept close to budget 
level, and small savings have been made on a number of different items. Thus, 
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the Associaticn shows an increase to surplus of $9,943.48 at the end of 1953. This 
brings the total surplus to over $26,000, about halfway to the goal of a surplus 
equal to one year’s income. 

For the second successive year the number of members has shown a significant 
increase. At the beginning of 1953 the membership totaled 4,655. The number of 
new members for 1953 was 639, and 25 others reinstated their membership. At 
the end of 1953 approximately 400 members have been dropped from the rolls 
because of resignation, death or non-payment of dues. Thus, the net membership 
growth for 1953 is 264, and the Association starts 1954 with a total of more than 
4,900 members. This is the highest level of membership ever reached by the 
Association. It is expected that the drive for more foreign members, as mentioned 
in the Board of Directors’ Report, will add substantially to the membership in 
1954. 

Subscriptions to the Journal of the American Statistical Association have also 
been increasing. At the end of 1952 there were 1,248 subscribers to the Journal, 
while at the end of 1953 the figure had risen to 1,356. This increase is expected to 
continue in 1954. 


Financial Recommendations 


The Report of the Treasurer, shown separately, emphasizes that 1953 was the 
fourth year in succession in which the Association has accrued surplus. The Board 
of Directors for the past two years has recommended that the surplus be in- 
creased until it equals the income of the Association for one year. At that time 
it is felt that the Association will be in a much stronger position to expand its 
activities on a much wider scale. With this in mind, the Treasurer has planned to 
budget between $2,000 and $3,000 per year for addition to surplus until this 
goal is reached. The proposed income for 1954 is budgeted at approximately 
$55,000, while expense has been calculated at $52,500, leaving $2,500, for addi- 
tion to surplus. Income has been figured very conservatively, while expense has 
been approximated as closely as possible, with the expectation that the surplus 
may be somewhat larger than budgeted. 


April 19, 1954 
To the Board of Directors of 
American Statistical Association. 


I have examined the attached financial statements of American Statistical 
Association relating to the year ended December 31, 1953. My examination was 
made in accordance with generally accepted auditing standards and, accordingly, 
included such tests of the accounting records and such other auditing procedures 
as were considered necessary in the circumstances. 

The recorded cash receipts for the year were traced in the deposits shown on 
the bank statements and the amounts for dues and subscriptions were tested 
with the membership and subscription records. The paid checks were inspected 
and related vouchers tested in support of cash disbursements for the year. The 
bank balances were reconciled with amounts reported directly to me by the 
depositaries and the cash on hand at December 31, 1953 was verified by inspec- 
tion. I did not check the membership and subscription records in detail or make 
any independent verification of the inventory of old Journals, the office records 
of which are based, in part, on data assembled in prior years. 

In accordance with a resolution of the Board of Directors, the expense incurred 
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in publishing a directory, distributed to the membership in 1951, is being spread 
over a three-year period although such costs would appear to be applicable pri- 
marily to the year 1951. The accounts for the year ended December 31, 1953 
reflect a charge of $831.86, representing the allocated portion of the directory 
expense applicable to that period. 

In my opinion, the accompanying statements present fairly the position of 
American Statistical Association at December 31, 1953, and the results of its 
operations for the year, in conformity with generally accepted accounting princi- 
ples applied on a basis consistent, except as mentioned in the preceding para- 
graph, with that of the preceding year. 

James G. JESTER 


AMERICAN STATISTICAL ASSOCIATION 
BALANCE SHEET 


Assets 
December 31, 
1953 1962 
Cash in banks and on hand...............0.ee00- $52,431.05 $39,503.14 
pS OT OT 2,783.14 1,099 .58 
Investment in United States Savings Bonds, 

Series G, due 1962, at cost.................. 3,100.00 3,100.00 
Inventory of old Journals, at approximate cost... . 2,137.69 1,909.85 
Inventory of Monograph on Acceptance Sampling, 

oben cnc tenabehnhdosedndntkhd <ake 129.24 233 .93 
Inventory of Emblems, at cost................... 415.50 463 .50 
Furniture and fixtures, at cost less depreciation... . 2,088.78 2,192.42 
Deferred Charges: 

Deferred Membership Directory expense........ 831.86 
inh 6 ts dhcinnlene eeiiied ihe deinen Napa wake 945.55 1,007 .87 





$64,030.95 $50,342.15 


Liabilities and Net Worth 


pS re re ee eer $10,430.60 $ 5,930.38 
Deferred income (collections applicable to subse- 
quent years) 


UL sa Wivdeuusdeus bon sluees ee ccves $16,827.00 $16,179.00 
ET eee Pe rere res 5,817.77 5,524.48 
RN CCP ee ae Pee OP ee ee ee ee re 466 .84 2,865.16 





$23,111.61 $24,568.64 





Net Worth: 
Life Membership reserve................02000- $ 3,579.92 $ 2,877.79 
Surplus, per statement................ceeeeees 26,908.82 16,965.34 





$30,488.74 $19,843.13 





$64,030.95 $50,342.15 
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AMERICAN STATISTICAL ASSOCIATION 
STATEMENT OF INCOME AND SurPLus ACCOUNTS 


Year ended December 31, 






















1953 1952 
Income: 

ee re $38,607.00 $37,101.00 
PE, acacia cvsees ost eseanacuts 852.00 184.00 
Life membership income. ...............ee0005 (90.13) 166.31 
Subscriptions—Journal...........cccccccceees 10,134.80 9,543 .00 
—American Statistictan.............. 443 .68 428 .35 
Advertising—Journal...........cccccccececees 1,415.99 1,376.75 
—American Statistician. ............ 263 .97 217.72 
ns ca bakbwdeade dadddneedead stem 1,937.13 1,180.84 
—American Statistician............0.0000s 148 .02 82.65 
—Acceptance Sampling................... 302 .05 243 .00 
—Emblems, less cost of sales.............. 83 .28 11.00 
—Membership Directory................. 22.50 45 .00 
Mi ceecesdiasnadbacdvaveausecna 568 .37 453.25 
it botnsekewdesdteneeeatnececden 45.00 35.75 
ER  cecevcdapdannideiensvesce 911.11 704.17 
icp nsad de sdesvabinecbudeubes 911.84 541.37 

Annual meeting-—see note................0.205. 1,559.52 

Reimbursement of overhead expenses: 

Bureau of Mines Project.............-s0e00- 2,207 .06 2,000.00 
I 5's 0c se cae oes ema amedemseee 54.12 67 .33 















$60 ,377 .31 





$54,381.49 












Expense: 











ccc cdcdmsdnbakudrseossevedosannaseed $12,260.07 $14,716.81 
Publications—Schedule I...................04- 24,968.23 20,417.77 
DS i a askGeunsde eiebemdedeawieenes 861.89 702.30 
Pad caddbnbvdediwesedddunesisentesdvancae 2,400.00 2,400.00 
Travel and secretarial expense................. 800 .83 1,426.17 
Pc hctacdodatneetedmatewdnenesnesdel 2,240.92 2,434.54 
 ctekernihinketeeeeisheabenhenennn had 1,849.26 1,163.45 
Telephone and telegraph..................0005 729 .02 563.71 
PIII, 6. 6 5 occ iccccdavercctananas’ 970.00 970.00 
nats tcesiaeektpepen dbanae 1,269.75 575.50 
Annual meeting expense.............-..ee0005 645 .99 550.72 





Miscellaneous expenses—Schedule I............ 1,437 .87 1,928.83 









$50,433.83 $47,849.80 





















Excess of income over expense for the year........ $ 9,943.48 $ 6,531.69 
Add: Surplus account, at beginning of year........ 16,965.34 10,433.65 
















Surplus account, at end of year...............055 $26,908.82 $16,965.34 


Note: Includes $303.29 relating to receipts from 1952 meeting. 
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in publishing a directory, distributed to the membership in 1951, is being spread 
over a three-year period although such costs would appear to be applicable pri- 
marily to the year 1951. The accounts for the year ended December 31, 1953 
reflect a charge of $831.86, representing the allocated portion of the directory 
expense applicable to that period. 

In my opinion, the accompanying statements present fairly the position of 
American Statistical Association at December 31, 1953, and the results of its 
operations for the year, in conformity with generally accepted accounting princi- 
ples applied on a basis consistent, except as mentioned in the preceding para- 
graph, with that of the preceding year. 

James G. JESTER 


AMERICAN STATISTICAL ASSOCIATION 
BALANCE SHEET 


Assets 
December 31, 
1953 1952 
Cash in banks and on hand...................4.- $52,431.05 $39,503.14 
EET ET ee 2,783.14 1,099 .58 
Investment in United States Savings Bonds, 

Series G, due 1962, at cost... .........0ceee 3,100.00 3,100.00 
Inventory of old Journals, at approximate cost... . 2,137.69 1,909.85 
Inventory of Monograph on Acceptance Sampling, 

a 5.5 5 pct ttnd hegndid abi prdcs ae dawlsieg’ Ge Hops 129.24 233 .93 
Inventory of Emblems, at cost................... 415.50 463 .50 
Furniture and fixtures, at cost less depreciation... . 2,088.78 2,192.42 
Deferred Charges: 

Deferred Membership Directory expense........ 831.86 
Re cdintintthidiitn nd haty jueins déhmenatienieeaas 945.55 1,007 .87 





$64,030.95 $50,342.15 


Liabilities and Net Worth 


DR IITs 5 nin wd 804% 6a hh sGhssen coi $10,430.60 $ 5,930.38 
Deferred income (collections applicable to subse- 
quent years) 


SS Ries Ole cdins Fee Vids bi cdiis $16,827.00 $16,179.00 
CO PETES TTT ee eee Tee 5,817.77 5,524.48 
Disa 6s 4 Le STk NTH 555k die Hu 466 .84 2,865.16 





$23,111.61 $24,568.64 





Net Worth: 
Life Membership reserve.................2000: $ 3,579.92 $ 2,877.79 
Surplus, per statement.................e0eeees 26,908.82 16,965.34 





$30,488.74 $19,843.13 





$64,030.95 $50,342.15 
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Year ended December 31, 

















Note: Includes $303.29 relating to receipts from 1952 meeting. 


1953 1952 
Income: 
IE DONE. g 60 occ nsccccssceccsceoees $38,607.00 $37,101.00 
Eg cc pbcdseabeeectsneuaedeede 852.00 184.00 
Life membership income. ................+0045 (90.13) 166.31 
Subscriptions—Journal..........ccsccecsceees 10,134.80 9,543 .00 
—American Statistician.............. 443 .68 428 .35 
Advertising—Jeurnal....ccccccccsccccccvccece 1,415.99 1,376.75 
—American Statistician............. 263 .97 217.72 
NE, cnc ickedbiddtarbacccessbacdvens 1,937.13 1,180.84 
—American Statistician............0.00005 148.02 82.65 
—Acceptance Sampling................... 302.05 243 .00 
—Emblems, less cost of sales.............. 83 .28 11.00 
—Membership Directory................. 22.50 45.00 
I 4460 64 0000000000 9N DOKewOKes 568 .37 453.25 
DT chepuneanke ukabeekdueweenmeniien 45.00 35.75 
ic 0c evedhsaeeennsenncnens 911.11 704.17 
i bic n ddd SetawwwePbsedweduebee 911.84 541.37 
Annual meeting—see note...............20005- 1,559.52 
Reimbursement of overhead expenses: 
Bureau of Mines Project..................45 2,207 .06 2,000.00 
I os cen ceesacteecsdesesescnceee 54.12 67 .33 
$60,377.31 $54,381.49 
Expense: 
ere ye mer bo ee pe $12,260.07 $14,716.81 
Publications—Schedule I..................0055 24,968.23 20,417.77 
ED. 6. 6nbs 6uk ete KARR EERE OD 861.89 702.30 
Pn: :sbtbnevkatiiacididwwacsenebeweduannee 2,400.00 2,400.00 
Travel and secretarial expense................. 800 .83 1,426.17 
irk tn000s0bennnenstenesesiennessaeees 2,240.92 2,434.54 
PE ic cdpbnesissdeusebsaecektenesannaee 1,849.26 1,163.45 
Telephone and telegraph................-.0085 729 .02 563.71 
Accounting services... ...........ce cece eeeees 970.00 970.00 
a nc cnc ncacenetee ees themes 1,269.75 575.50 
Annual meeting expense... ............0e0008- 645.99 550.72 
Miscellaneous expenses—Schedule I............ 1,437 .87 1,928.83 
$50,433.83 $47,849.80 
Excess of income over expense for the year........ $ 9,943.48 $ 6,531.69 
Add: Surplus account, at beginning of year........ 16,965.34 10,433.65 
Surplus account, at end of year................6. $26,908.82 $16,965.34 
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Schedule J 
AMERICAN STATISTICAL ASSOCIATION 


Year ended December 31, 











1953 1952 
Publications: 
ee ic kane desen ks dv etnaawcoe $15,118.77 $12,522.59 
a ne 750.00 , 
—KEditorial expense.................... 1,215.30 335.98 
—Cost of old Journals................. 188 .67 101.70 the 
—Delivery charges.................00; 36.11 32.14 tor 
—Storage charges. ................000: 114.00 96.00 str 
$17,422.85 $13,088.41 
American Statistician. ........... ccc cece cucece 6,584.28 5,810.75 AL 
Acceptance Sampling.....................000- 129.24 218.61 
Membership Directory...............00000000. 831.86 1,300.00 AR 
Bs 
$24,968.23 $20,417.77 
Miscellaneous Expense: B. 
tlie aihinn bana edad wis a a46ocAwe $ 617.64 $ 555.87 B. 
Dues to other organizations................... 123.25 123 .25 B. 
einige bade ded 00%ndensdgadahs 4.50 7.84 
Ae P-Pa Renoa AL 314.89 559.41 | 
Repairs and maintenance...................... 153.25 206.95 
Workmen’s compensation insurance............ 24.53 26.91 B 
SE eee ctapiategeg Ee ERA eee en pe eee 199.81 448 .60 R 
B 
$ 1,437.87 $ 1,928.83 
————_____ 4 —_—X B 
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SUMMARIES OF PAPERS DELIVERED AT THE 113th 
ANNUAL MEETING OF THE AMERICAN STA- 
TISTICAL ASSOCIATION IN WASHINGTON, 

D. C., DECEMBER 27 TO 30, 1953. 


Edited by Armen A. A.cutan, University of California (Los Angeles) 


The present section contains all available abstracts of papers presented at 
the 1953 national meeting of the American Statistical Association in Washing- 
ton, D. C. The sequence of presentation here conforms to a grouping of ab- 


stracts according to the various sessions at which they were delivered. 


PAPERS SUMMARIZED 


Auuison, Harry, Brinser, AYERS, AND Zwick, CHARLES, An Analysis of 


the Demand for Meat 
Arrow, KEenNneETH J., Development in Statistical Techniques of the Last Dec- 


ade of ‘Giaee Interest to Economists: Sequential Analysis . 
a a LIFFORD A., Estimation of Length of Hospital Stay from Dis- 
charge D 


BANCROFT, T. A., Organization and Functions of a ‘Complete Centralized Sta- 
tistical Center at a Land Grant College o/ tes Sa 

Bancrort, T. A., Preliminary Tests and Pool Rules . 

BARANKIN, Epwarp W. Theory of Behavior . 

BATES, GRACE E., The Time-interval Approach to ‘the Problem of Contagion 

BEALL, GEOFFREY, Further Generalization of Neyman’s Distributions 

BECHHOFER, RopeEkrt, DunneEtTT, CHARLES W., AND SoBEL, MILTon, A Sin- 
gle-Sample, a Two-Sam —_ and a Sequential Multiple Decision Procedure 
jor Ranking Means of Normal Populations with Known Variances. . 

BetLoc, Nepra B., Validation of Morbidity ow Data md poe 
with Medical Records 

Bercer, Martin J., Statistical Problems in Physics . 

BERKSON, JOSEPH, Estimation of the Interval Rate in Actuarial Caleulations; 
A Critique W. ‘the Person-Y ears Concept . ‘ 

BIRNBAUM, %. , me ge Distribution-free Statistics 

Box, ‘Regions E. P , AND Hunter, J. he Study and suas of Response 
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Scientific and Professional Manpower: the Value and Limitations of a Statistical Approach. Ex1 Ginz- 

BERG, Columbia University. 

A major shortcoming of American social science is its infatuation with the doctrine that if one 
only had a sufficient number of facts, one could solve any problem. This particular preconception is 
grounded in the following: (1) Our pragmatic position with its anti-theoretical bias. (2) The availability 
of funds to support expensive data collection undertakings. (3) Our desire to make progress quickly and 
our naive belief that the activities connected with data collecting are proof of progress. (4) Our belief 
that the “facts” will be able to resolve all difficulties and that there are no underlying value conflicts. 

During the past few years much energy has been poorly directed because of an error in strategy: 
We started to collect large bodies of data without knowing what to do with them, and without having 
any clear idea of the key questions they were supposed to answer. Much of this data collection has been 
spearheaded by interested pressure groups to support a particular point of view. Much of the govern- 
mental and academic effort in the collection of data has been of dubious value. One of the most serious 
results of a preoccupation with statistical tabulations has been the blithe assumption that the concept of 
shortage (or balance) in professional manpower is a simple arithmetic relation between supply and 
demand. Similarly, there has been no proper attention paid to the role of substitution in matters of 
supply. Among the other significant facets of the problem that are not illuminated easily via statistics 
is that of utilization, which can of course greatly influence whether any given supply proves to be ade» 
quate or not. Entirely too little emphasis has been placed upon the fact that any particular manpower 
problem can probably be resolved in any one of a series of ways depending in large part upon the cri- 
teria that are employed. Perhaps the most serious shortcoming of all growing out of a quantitative 
approach is the inherent tendency contained therein to gloss over qualitative differences among pro- 
fessional persons and to see the problem primarily as one of numbers. 

There are at least five major areas in which organized statistical efforts can make a significant con- 
tribution to the illumination of scientific and professional manpower problems: (1) By providing 
knowledge of the occupational structure; (2) By facilitating studies of the probable size of future sup- 
ply; (3) Through contributing to the organized study of future demand by studying the strength of 
particular factors that have influenced demand in the previous time periods; (4) By helping to set out 
in a systematic fashion the incentive factors in different occupations which influence training and 
distribution of trained persons; and (5) by studies of the flow of individuals in and out of different types 
of employment, the strategically important question of convertibility of trained manpower can be 
illuminated. The rate at which a statistical approach can contribute along the foregoing lines to the 
understanding and solution of professional manpower problems will depend very greatly on the extent 
to which existing theory can be improved with respect to the concept of balance, the potentialities and 
limitations of “convertibility” in the use of highly trained persons, the elaboration of the significant 
relations between qualitative and quantitative considerations, and the factors determining different 
utilization levels. 


Recent Advances in Statistics on Scientific and Professional Personnel. Harotp Goupsrein, Bureau of 
Labor Statistics. 
Widespread interest in professional personnel has focused attention on statistical data in this field- 
Recent improvements include (a) improvement in the frequency, currency, detail, and over-all quality 
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of the data on output of trained personnel from the educational institutions; (b) development of tech- 
niques for registering members of professions; (c) active participation by professional societies in 
studies of their fields; (d) a beginning in the study of occupational mobility in the professions. The 
kinds of data we have and the gaps in information reflect the emphasis on large-scale statistical surveys; 
more intensive studies are needed to provide mis;''.g data. 

Among the areas of work which should be productive are: I. Development of measures of qualitative 
differences among individuals to temper the purely quantitative information now available. II. Develop- 
ment of surveys of professionals via employing establishments, as an essential supplement to census- 
type and professional society membership type surveys. III. Investigation of factors and concepts under- 
lying demand for professional personnel. The study of professional personnel within the context of 
general personnel and manpower problems is essential. 


International Criminal Statistics. Benar Hear. 

In spite of repeated efforts over a hundred years to achieve greater uniformity of statistics on crime, 
a direct comparison of national series showing crime rates, and the trend of these rates, is scarcely pos- 
sible. Criminal statistics cannot be taken at their face value, and international comparisons are particu- 
larly falacious without sufficient knowledge of all particulars, pertaining to the penal and judiciary 
system of countries, that are essential for an interpretation of national figures on crime. A new approach 
to the problem of international comparisons would consist in selecting for this purpose certain actions 
that are universally recognized as criminal and are of such a nature that they regularly become known 
to the authorities, and redefining these actions so as to give a uniform content to the series that are com- 
pared. Such data, stemming from the police or the investigating authorities, would be valuable as indi- 
cators of the frequency of crime, whereas court statistics, supplemented by information on suspended 
sentences, probation and parole, etc., have their value for studies of the treatment of offenders. Current 
statistics on crime can scarcely reveal the causes of criminality but may serve as a frame for further re- 
search into this subject by giving a general picture of the dimensions of criminality, the incidence of 
various types of criminality within socio-economic groups, and its evalution under the impact of social 
changes. In this connection, international comparisone present a great deal of interest. 


The Study and Exploitation of Response Regions. G. E. P. Box and J. 8S. Hunrszr. 


Techniques have been proposed by Box and Wilson for the study of response surfaces. Having 
reached a near-stationary region in the factor space, it is of extreme practical importance to study the 
local features of the response surface and to exploit the surface to best advantage. Designs are needed 
which will allow the fitting of a polynomial of degree d as efficiently and economically as possible. 
Optimal designs of first order (for the fitting of plane surfaces) have been described by Box elsewhere. 
The present paper discusses the problem of deriving optimal designs of second and higher order. It is 
shown that the principle of obtaining designs giving smallest variances for the estimates does not in the 
case of second and higher order designs result in a unique or a necessarily desirable solution of the 
problem. Some other principle seems to be required. The concept of information distributions is intro- 
duced. This distribution yields the information per observation obtained at a point on the fitted surface 
at any location in the factor space. 

It is suggested that a spherical information distribution is desirable (i.e., a distribution such that 
the information is constant on spheres centered at the origin of the design). Designs which give a spher- 
ical information distribution satisfy the criteria that the variance-covariance matrix and the moment 
matrix of the design are invariant when the design is rotated. These new designs are therefore called 
“rotatable” designs. It is shown that the principle of rotability leads to optimal designs of first order. 
Second order rotatable designs are then derived. The designs are also considered from the point of view 
of the biases in the estimates which may be present if the assumed model is inadequate. Some confound- 


Developments in Statistical Techniques of the Last Decade of Special Interest to Economists: Se- 
quential Analysis. Kennera J. Arrow, Stanford University. 


This paper is a survey of the fundamental ideas of sequential analysis and its implications for 
economics. The general conclusion is that sequential analysis ac a statistical technique is likely to find 
few applications to econometrics because of the special problems of sampling in the typical problems of 
economic statistics, but that the type of reasoning underlying sequential analysis is likely to be of con- 
siderable importance in the theory of dynamic economics, particularly where actions with random con- 
sequences are under consideration. The technique of sequential analysis of statistical data is applicable 
when the experimenter can control the taking of additional observations on the basis of the results of 
earlier ones. The additional observations are possible at a cost. The technique is therefore not ap- 
plicable to time series already collected, data collected as a by-product of other activities, to surveys 
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where it may be difficult to enumerate after each observation, or to multi-purpose surveys, where the 
stopping-point may be different for different questions asked. A brief development of the theory of se- 
quential decision between two hypotheses is given from a Bayesian viewpoint. After a number of ob- 
servations, the original a priori probabilities are transformed into a set of a posterior: probabilities, but 
the situation is essentially unchanged, except for the magnitudes of the probabilities. This simple ob- 
servation enables an immediate derivation of the sequential probability-ratio test. A problem of choice 
among inventory policies is then stated. It is shown that the same type of reasoning used in the analysis 
of the sequential decision problem leads to a functional equation which can be solved to yield an optimal 
solution to the inventory problem. 


The Problem of Non-normality, and Nonparametric Tests. Witt1am H. Krusxau, University of Chicago, 


Most statistical procedures used in practice are based upon the assumption of normality. The 
arguments usually given in defense of this assumption are stated and critically discussed. A method of 
circumventing the assumption of normality is the use of nonparametric statistical procedures. The 
advantages and disadvantages of these procedures are discussed in general, and some examples are 
given. The procedures of applied nonparametric analysis are classified, and key references are given. 


A Cyclical Index of Highway Ton Miles. James P. Gzonae. 


This investigation has as its objective the construction of a composite weighted cyclical index of 
ton miles operated by trucks and truck combinations on all main and local rural roads in the United 
States. The index computes for any particular month the cyclical position of highway ton miles with 
respect to the computed normal or expected value as of that month. Polynomial curves of appropriate 
degree were fitted to the cyclical-irregular movement of highway ton miles over a 78-month period. 
Criteria, affording a test for goodness of fit, include the variance ratio or Snedecor’s “F,” the standard 
deviation of the residual variance, and the appearance of the plotted curve. This fitting (or smoothings 
process eliminates the irregular movements and causes those fluctuations attributable to cyclical force) 
to stand out in bold relief. It should be pointed out that the cyclical irregular movement to which the 
curve is fitted is in terms of composite weighted standard deviation units from “normal.” 

In consequence of this investigation the writer has been able to isolate and to delineate a structural 
pattern of the cyclical movement of highway ton miles which, with varying intensity, tends to repeat 
itself at approximately 32-month intervals. This mathematical function (the orthogonal polynomial 
curve) appears to postulate an underlying law, governing the behavior of highway ton miles. The struc- 
tural pattern of the cyclical movement of highway ton miles is predicated upon ar. assumption of eco- 
nomic rhythm in the ton mile series. Even though trend and/or seasonal do change, the structural pat- 
tern of highway ton miles can be expected to continue, showing much the same contour as before. In 
other words, the contour of the structural pattern will tend to remain more or less constant irrespective 
of the level from which measured. From the standpoint of forecasting this is a most important con- 
sideration. 

This investigation has been in part analytic and in part synthetic. In other words, it first concerned 
itself with a breaking down of the highway ton mile series into its component elements. In the latter 
stage, the investigation directed its efforts to a recombining of the constituent elements into a theoretical 
ton mile series. The synthesis makes possible an extrapolation or projection into the future. It also serves 
to verify or confirm the correctness of the analysis by reconstructing the highway ton mile series from its 
constituents. 


Approximate Tests for Comparisons of Rank Correlations. Herman O. Harr.ey. 


Of the numerous measures of rank correlation the two best known are: Spearman’s rank correla- 
tion r,s and Kendall’s rank correlation tz. Some results on the exact distribution of these measures are 
known for the case of 0-correlation and some moments for the case of ranks generated by a bivariate 
normal population with correlation coefficient p. In the latter case the present note investigates the 
z-transformation or rs and t,, both by the method of statistical differentials and by Monte Carlo cal- 
culation. It is found that for moderately large sample size both z-tranforms are approximately normal 
with variances approximately independent of p. This property results in simple tests of significance for 
comparisons of rank correlations so transformed. The restriction to ranks generated by samples from 
bivariate normal samples is lifted and the tests shown to apply to a much wider class of ranks. 


Optimum Cluster Size. Howarp L. Jonzs, 

When a two-stage sampling procedure consists in selecting a number of clusters of equal size, and 
the total cost is a linear function of the number of clusters and the number of individuals selected, the 
optimum cluster size is a simple function of the parameters of the c>st function and the intraclass and 
interclass correlation coefficients. Suggestions for estimating these parameters and coefficients are 











330 AMERICAN STATISTICAL ASSOCIATION JOURNAL, JUNE 1954 


proposed and discussed for an illustrative example. The more general situation is then examined where 
the number of attempted selections is the same for every cluster, but the actual number of individuals 
inspected varies from cluster to cluster. 


A Note on the Use of Normal Probability Paper. Herman Cuernorr and Geratp J. LirperMan. 


This paper illustrates, with a special example, that the graphical technique to be applied to a 
problem should depend to a large extent on the use to which the graph is to be put. In particular, we 
treat the problem of selecting the representation of a sample on normal probability paper when it is 
desired to obtain “optimum graphical” estimates of the mean £ and standard deviation o of a normal 
distribution. 


Two Nonparametric Tests Using the Method of Ranks for Testing the Randomness of Samples Drawn 
from Finite Populations. Mrrcne.u O. Locks, University of Oklahoma. 


In this paper are developed two nonparametric tests based on the method of ranks, both of which 
may be used to test the randomness (or representativeness) of samples drawn from finite populations. 
The theory behind the development of these tests is essentially the same as that governing tests for 
randomness which use the original values. Since the application of these tests requires the ranking of 
all of the items in the population according to some numerical characteristic, the tests can be applied 
only if values with respect to at least one numerical characteristic are available for every single item in 
the population. Admittedly, this restricts the scope of usefulness of these tests. However, it is believed 
that the tests can be used more profitably for certain types of problems (e.g. tests for randomness of 
samples drawn from J-shaped and U-shaped populations) than other statistical tests for randomness 
now in use. 


A Two Sample Procedure for Linear Discrimination in Normal Samples. Jack Mosnman, Oak Ridge 

National Laboratory. 

The problem of discrimination from a normal linear regression model considered is that of obtaining 
a confidence interval for z corresponding to an observed y when the expectation of y, given z is E(y| 2) 
=a*-++*z. Various incongruities are discussed which result from a naive approach. A deterministic 
one sample procedure is shown to have two difficulties: (1) The procedure is inefficient in that the con- 
fidence interval obtained is larger than a specified 1 —7; (2) The excess is a function of the unknown 
variance. A two sample procedure is exhibited which makes the excess over 1—vy to be less than a 
specified 5(0 <5 <7) whenever |a*| <i for any predetermined 1>0 and the excess is independent of the 
variance. 


Probability of Acceptance for Sampling Plans Based on Average-Standard Deviation Acceptance Cri- 
terion. Harry G. Romia. 


The evaluation of a variables sampling plan using Average-Standard Deviation Acceptance Cri- 
terion requires Probability of Acceptance values for determining its Operating Characteristic. The 
mathematical relations are presented for computing such probabilities as developed in 1934 assuming a 
normal law distribution for the parent population and resultant exact distributions for averages and 
standard deviations where the correlation between averages and standard deviations is zero for two 
cases: 1. Sample size n large: distributions of averages and standard deviations assumed normal; and 
2. Sample size n small: distribution of averages normal and of standard deviations non-nermal. These 
results may be compared with later work started in 1947 at Stanford University by Goode, Bowker, 
Ireson, and Resnikoff. 

For the two cases a cutting plane slices the frequency surface for averages and standard deviations 
and volumes under the surface are determined for shifts in level (average), variability (standard 
deviation), or both, due to changes in the system of causes. Levels of incoming quality with respect to 
engineering requirements and the protection desired for any sampling plan determine the location of 
the cutting planes used for evaluation. The Average-Standard Deviation Acceptance Criterion is set up 
for either a minimum or maximum engineering limit for sample values of averages and standard devia- 
tions. For such criteria, relations are provided for determining the volume under the surface to the 
right or left of the cutting plane covering both max. and min. limits. These relative volumes provide the 
desired probability of acceptance values for any postulated incoming quality p’. A simple approximation 
for n small is given. Exact and approximate P values for samples of 5 are presented for two sampling 
plans for evaluating the error of the approximation. A graphical solution of the multiple integrals is 
described. These probability of acceptance values must be obtained in order properly to set up various 
types of variables sampling plans. 
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Time Series Factor Analysis with an Economic Application. Eznzest W. Brown and Max A. Woopsurr 

It has been recognized that the application of many statistical techniques to +ime series is invalid 
due to the correlation of successive observations. Among the techniques affected is factor analysis, since 
many of the underlying relations, which a factor analysis should uncover in a time series, act with a time 
delay, and hence would not be discovered. An appropriate definition of a factor and a technique of time 
series factor analysis is formulated and discussed and an application to a set of ten economic time 
series is made. The ten series cover national product, income and employment. In factor analysis, if 
there are n original variables, no more than about n/2 factors can be identified. An interesting feature 
of time series factor analysis is that this does not necessarily hold true. In fact, factor analysis of time 
series may require, and allow identification of, more factors than variables. 


A Stochastic Model for the Selection of Macronuclear Units in Paramecium Growth. A. W. Kimpatu 
and A. S. HouseHoiper, Oak Ridge National Laboratory. 


Prior to division, the macronuclear units in Paramecium (see, for example, Sonneborn, Ann. Rev 
Microb., pp. 55-80, 1949) presumably double in number ina manner similar to chromosome doubling at 
mitosis. During the process of division each daughter animal receives approximately one-half of the 
units present. Thus in any population of Paramecia, each animal has about the same number of units. 
If there are n units per animal, there may be as many as n different types of units, or all units may be 
alike, and any combination between these extremes is also possible. Such combinations are called states. 
Given the state of a single animal and given an hypothesis about the selection of macronuclear units 
by daughter cells, the probability distribution of states after N divisions may be computed readily 
by the methods of stochastic processes. Results have been obtained for the hypothesis of completely 
random selection and have been compared with experimental data. 


Stochastic Processes and the Study of Growth Phenomena. A. T. Rem, Columbia University. 


This paper is divided into three parts: (1) Introduction, (2) Construction of stochastic models, 
and (3) Statistical inference in stochastic models. In Part 1 we discuss the deterministic and stochastic 
approaches to the study of growth phenomena; and give an introduction to the theory of branching 
stochastic processes as developed by Bellman and Harris. We consider in Part 2 the construction of 
various stochastic models for growth using the above theory. Models for birth, birth-and-death, and 
mutation processes are discussed. The use of these formal models in the study of epidemics and rumor 
spread, as well as in the study of bacterial growth, is pointed out. In Part 3 we discuss problems of 
estimation and testing associated with stochastic growth processes. Previous work is reviewed, and 
some recent investigations on sequential decision problems for branching processes is discussed. 


The New Bureau of Labor Statistics Indexes of Productivity in Manufacturing. Leon GreenBerG and 
ALLAN SEARLE 


The Bureau of Labor Statistics is planning to publish several series of productivity indexes in 
manufacturing covering the years 1939, and 1947 through 1952. Two of the series will show changes in 
man-hour requirements for physical production in manufacturing. A third series, based on concepts 
similar to the gross national product approach, will show changes in man-hour requirements for dollar 
value added in manufacturing and will reflect the influence of changing inputs of material, supplies and 
fuel. The various measures fill in a statistical gap of 13 years for which reliable all-manufacturing pro- 
ductivity statistics are not available. - 

The indexes are being derived from secondary sources of production and man-hour data. In relating 
these two statistics to derive productivity ratios numerous data problems are encountered. Not all 
of them can be solved immediately and the indexes released by the Bureau will not be precision instru- 
ments. But they will still be useful and necessary indicators in the broad areas of economic and business 
analysis, manpower planning and productive efficiency. 


Problems and Prospects of Criminal Statistics in the United States. Thorsten SELLIN. 


Criminal statistics issued by agencies dealing with crime or criminals have been assumed to be 
important sources of data for the scientific study of the trends of criminality, the characteristics of 
offenders and the efficiency and effectiveness of the agencies dealing with them. The dearth of good 
criminal statistics in the United States is discussed and reasons for this situation considered. The main 
part of the paper examines the problem of how such statistics can be used in the study of trends of 
criminality and the characteristics of the offender, and raises a number of questions designed to stimu- 
late a discussion of this problem. Illustrations are offered pointing to the need of improving certain 
official reports now issued, attention being drawn in particular to the need for some revision of the 
standard classification of offenses employed by many national and state agencies and the need for more 
carefully computed crime rates than those now being published. 
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Organization and Functions of a Complete Centralized Statistical Center at a Land Grant College- 

T. A. Bancrort, Iowa State College. 

The position is taken that there is no unique optimum organization or program for a statistical 
center which will work equally well at all universities or even at all land grant colleges. Further, even at 
the same institution either one of several alternative arrangements might work equally well. A complete 
statistical center should provide: (i) a research and teaching program in statistics per se in order to de- 
velop new statistical theory and methodology and train statisticians; (ii) a service teaching program to 
provide for basic general courses in theory and methods and specialized courses in statistics for students 
majoring at the undergraduate and graduate levels insome other substantive subject matter area; 
(iii) a consulting service program, i.e. recognized and budgeted time for various staff members of the 
statistical center to consult with research workers on investigations involving the use of statistical 
theory and methods; and (iv) a computing service for the programming and analyses of data resulting 
from research investigations. These four main objectives could be accomplished by a separate depart- 
ment of statistics, or, in case of a small group, a sub-department, and a campus-wide statistical labora- 
tory of institute status. 


Role of a Centralized Statistical Organization in a University. J.G. Darnrocu, Washington State College. 

The recommended relationship between the statistical organization and the various research units 
of the University may be set forth as it affects some of the major units. (1) The Agricultural Experiment 
Station—two or more staff members assigned to service this unit, with the privilege of calling on their 
associates to aid in special problems or to share the load at seasonal peaks. The consultor should be 
permitted to exhibit a preference among the possible consultants, if he so wishes. Some Directors might 
prefer to have the consultants attached to their staff but the preference would seem to be to house them 
with the statistical group, unless there is a distance problem, and have them administratively responsible 
to the head of this same group. (2) The Department of Mathematics—the liaison here, established by 
joint appointment or some other effective means, needs to be rather close. The relationship here on 
consulting problems may well be one of the statistician consulting with the mathematician. (3) The 
Social Science Departments—the needs here could best be served by staff members specifically trained 
in certain statistical disciplines, again a matter of assignment. (4) Engineering, Medicine and other 
fields—while specialized knowledge would be an advantage there are many problems where a straight- 
forward statistical approach would be of material assistance to the research program. The inference here 
is that much can be done by the general consulting staff in the early development of a consulting load. 
As the loads from these areas build up it would be advisable to add personnel with background training 
in the various fields. (5) The computing facility—-for statistical problems the consultant should provide 
the liaison between the worker and this unit. Thus it would appear desirable that the computing unit 
be an integral part of the organization under discussion. 

The other aspect of the consultation program that should be mentioned is that having to do with 
the needs of graduate students. The most desirable pattern would seem to be that of the graduate stu- 
dent and his major professor both participating at least in the initial consultation. At that time the 
relationship of the consultant to the research problem should be fairly clear, and responsibility for 
direction of statistical matters and for computing decided upon. 


The Role of a Centralized Statistical Organization in a College with Respect to the Reviewing of Manu- 
scripts and the Promotion of Statistical Research. H. C. Fryer. 


Statistical methods should not be forced on the research staff of the college or university, but the 
arguments for their use should be brought to the attention of the administrators of the research pro- 
grams. To that end the following system is recommended: (a) Every proposed new project should be 
studied by a committee including a representative of each ‘department involved, the statistical group 
be:ng considered to be involved whenever the proposed exper:«ent is to produce sampling data. (b) This 
committee is to make written recommendations to the directors of the research programs, including the 
presentation of minority recommendations when decisions are not unanimous. (c) When manuscripts 
result from the research they are subject to the rules of (a) and (b). 

Most colleges and universities have limited funds, and someone must be convinced that the research 
will produce the greatest good for the money expended. The consumable end-product is some form of 
applied statistics; hence, it is suggested that every statistician in the organization should divide his 
or her time among teaching, statistical consultation with those doing applied research, and pure sta- 
tistical research. The division should not necessarily be in thirds; emphasis should be on the activity 
best adapted to each person’s interests and abilities. This plan should point statistical research toward 
problems the applied scientists need to have solved, and should keep the statisticians from getting into 
intellectual “ruts.” Some may think the cost of paying several persons capable of research instead of 
one or two who do nothing else will be greater. Many of our young Ph.D.’s are capable of research, 





once @ 


oe 


Pome => e177 @ Oo » Ss 8 


eo av @ * @ 


_ 


=a oe" §lUe 


SUMMARIES OF PAPERS 333 


and would gain valuable experience in such positions. If they like this multi-purpose activity and choose 
to stay with it, their productivity should increase with the cost of keeping them indefinitely. Before they 
settle permanently on such a job they will realize there is a limit to the pay they can receive; and they 
can go elsewhere if they prefer. In the meantime the school will benefit by the newness and the vigor of 
their statistical activities. Those schools in which money is no limitation and which do not have to 
worry about the applications of their research products may wish to supplement the above plan with 
gome eminent research personnel who wish to do full-time theoretical research. 


Staffing a Central Statistical Organization. Herpent A. Merenr. 


The number and qualifications of the members of the staff of the Central Statistical Organization 
depend upon the functions and responsibilities that are assigned to the Central Organization. These 
might be grouped under the following heads: (1) Consultation, (2) Teaching—theory and application of 
statistical methods, (3) Evaluation of manuscripts where statistical methods are used, (4) Research, 
theoretical and applied, and (5) Computing Service (machine room). 

In a large university, the technical staff of the Central Statistical Organization should be composed 
of specialists in various statistical fields. Where teaching is one of the functions, the staff will have to 
be quite large and those who teach should also do research and consultation. Where teaching is de- 
centralized, joint appointments of at least some of the teachers would seem to be desirable in order to 
bring the Central Organization in close relationship with those departments where problems in the 
application of statistical methods generally arise. The plan of joint appointments is working quite 
satisfactorily in the University of Florida, where the teaching of statistics is not centralized. 

In a small university, the same general organization would seem desirable, but if funds are limited 
and demands less varied, the staff will be small. This calls for greater versatility on the part of the 
members of the staff While in a large university the Central Statistical Organization may be, and 
generally is, an independent unit, in a smaller institution it may be necessary for financial or other rea- 
sons to make it a branch of the mathematics or some other department. The computation service, or 
machine room, is an important section of the Central Statistical Organization. To be effective, it must 
be staffed with a competent supervisor familiar with statistical methods, as well as with competent 
keypunch operators and machine operators. Where courses are givenin the university in the operation 
of IBM and other types of computing machines, these can serve to train potential replacements and 
additions to the card machine computing section. It is a difficult problem to find persons with the 
desired qualifications who are willing to accept the starting university salaries because of the demand 
in industry and government for statisticians at salaries above those in most universities; and this, the 
problem of finding a staff at all, is perhaps the most difficult of all staffing problems. 


Responsibility of a Centralized Statistical Organization in a University for Training in Statistics. 
W. ALLEN WALLIS. 


Departments in fields other than statistics normally do not have faculties qualified to teach current 
statistical methods, so the responsibility for statistics courses should not rest with them. On the other 
hand, statistics departments vested with sole authority over the statistics courses may tend to over- 
emphasize statistics and its mathematical prerequisites at the expense of the students’ subject matter 
studies. At Chicago, we have developed what looks to be a promising method for reducing duplication 
of statistics courses in the various departments and raising the level of instruction, while avoiding the 
pitfalls of authority centered in the statistics department. 

Our first step was to introduce a new elementary course taught by one of our own men. After this 
course was well developed, people teaching statistics in various departments were invited to merge 
their course with ours. In general, their reaction was to introduce our syllabus and other materiais but 
retain their instructors and the independence of their courses. The syllabus and teaching materials were 
revised somewhat in the light of suggestions and criticisms from these instructors in other departments, 
and then one or two departments did merge their courses with ours. As those departments reported 
favorably on their experience, others took the plunge. Essentially the same evolution has occurred 
with the advanced course on statistical inference. 

With this system, each department lists the unified course in its own section of the catalog with its 
own number; but all designate the same room and instructor. Any department could secede simply by 
making a different room assignment in its Announcement. Actually, this would not be likely to happen 
without consultation with the statistics department, since other departments know that we are sensitive 
to their needs and limitations as well as to our own standards and requirements. Unification of statistics 
courses prevents their being too closely tied to a narrow range of substantive problems, encourages 
the use of examples from a variety of fields, and is generally an advantage pedagogically. 

Whether the device used at Chicago would work at other universities is a question that must be 
answered in the context of each institution. If, with the elimination of a course to reduce duplication, 
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a department suffers cuts in appointments and budget, then it will be less ready to reduce the duplica- 
tion. Some budgetary readjustments may be in order; but so long av cuts are not allowed to work to 
the direct disadvantage of those who help achieve the gains, many of the obstacles to eliminating 
duplication in universities seem to be avoided. 


Trends and Cycles in German Wages. GrerHarp Bry. 


The paper compares German, English, and American long-term trends in wage levels and in wage 
structure, as well as their cyclical behavior, from 1871 to 1953. Hourly money wages are shown to 
have increased about seven fold in Great Britain, eightfold in Germany, and about ten fold in the 
United States. The divergence in the increase of real wages—two and one-half fold for Germany and 
Great Britain and fourfold for the United States—indicates the close relationship between wages and 
economic and political fortunes in these countries. A tendency toward decreasing differentials can be 
observed in the three countries. This trend towards greater equality is relatively clear in German skill, 
sex, age, and regional differentials. It is suggested also in city size and industrial differentials. Basically, 
this trend follows from the industrialization process itself, which leads to reduced differences between 
wage earners. 

Although wage rates respond to general business contractions—-by’ decreasing rates of growth, stag- 
nation, or declines—there is disclosed a definite downward rigidity of wage rates. During the period 
1871-1953 only two substantial declines in German money wage rates occurred. Earnings have larger 
cyclical amplitudes than rates because overtime, output bonuses, and hours worked are cyclically more 
sensitive. Even in the Great Depression, real weekly earnings in Germany and in the United States 
declined by only 15 per cent. In both countries the real sufferers from the Great Depression were the 
unemployed rather than the employed workers. 


Union Impact on Wage Structures. H. M. Douty, Bureau of Labor Statistics. 


A series of studies by the Bureau of Labor Statistics indicate that relative wage differentials among 
occupations have declined markedly in American industry, particularly during recent years. Over the 
past half century, several factors calculated to narrow job differentials in the long run can be distin- 
guished. Among these are the sharp decline in immigration during World War I and the subsequent 
adoption of a restrictive immigration policy; a declining birth rate until the 1940's; a rising level of 
education and training among the working population; and the mechanization of large areas of unskilled 
work. These broad labor market forces clearly produced some tendency for relative job differentials to 
diminish. The decline in job differentials during the past decade, however, was much sharper than would 
have been anticipated on the basis of long-run labor market forces alone. One factor was governmental 
wage policy, notably in the economic stabilization program during World War II. Of major importance 
was a marked tendency for unions, beginning in the defense period in 1941, to formulate their wage de- 
mands in terms of uniform money increases (and hence unequal percentage increases among jobs) and 
settlements to be made in this fashion. 

Among the reasons for this development were: (1) uniform money increases tend to appear more 
equitable in an inflationary period when wage increases are designed largely to offset increases in living 
costs; (2) it is politically easier, especially in an inflationary situation, for union leadership to press for 
uniform money increases; (3) within limits, skilled workers may be content with the maintenance of ab- 
solute wage differentials, even though their relative wage position is deteriorating; (4) on the whole, em- 
ployers during the past decade have seemed more concerned with the size of negotiated wage increases 
than with the form of their distribution; (5) the structure of wages probably seems less important than 
the general level of wages, at least in inflationary periods. The decline in relative wage differentials 
among jobs has been much more marked in some industries than in others. Divergence in experience 
within manufacturing is well-illustrated in the basic steel and automobile industries. Assuming reasona- 
ble economic stability, it is probable that relative job differentials will receive considerable attention 
during the next few years from unions and employers. Special wage adjustments for skilled workers in 
some industries during 1953 point in this direction. Systematic review of the structure of job rates may 
occur in a significant number of situations. 


Wages Since 1914. Leo Wotman, Columbia University. 


This paper deals with one segment of wages in this country, the behavior of hourly earnings in five 
industries—manufacturing, class I railroads, building, anthracite and bituminous coal mining. Average 
hourly earnings, gross and net, are presented as an approximation of changes in the price of labor 
during these 40 years. Despite interruptions in their upward movement, money and real hourly wages 
multiplied many times over the period. All five groups shared in the rise, but unequally. Anthracite 
coal topped the list with nearly a 10-fold increase; building trades’ rates rose least, less than 6-fold. 
Real hourly wages likewise mounted, but, of course, less than money wages. Anthracite real wages rose 
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3.5 times, manufacturing 2.8, and building over 2 times. The interesting question is, what economic 
conditions accounted for this multiplication in real and money wages? Using manufacturing wages 
as an illustration, it is clear that the bulk of the total money advance of $1.47 an hour was a preduct of 
the economic conditions of war and postwar boom, since only 10 cents of this amount were added be- 
tween 1920 and 1940. 

When money wages are converted into real wages, surprising results are obtained. For real wages 
showed marked improvement without apparent regard to movements in money wages, business condi- 
tions or union organization. Comparing the course of money and real wages in the two wars one encount- 
ers many difficulties. The first, was shorter and didn’t have wage controls. In several industries wages in 
World War II were fixed in long-term contracts. Bearing these factors in mind, the available evidence 
suggests that money and real wages rose more between 1916 and 1918 than from 1941 to 1945. This rec- 
ord of 40 years suggests that the period beginning in 1914 can be described as a high-wage era in the sense 
that the increases of this period were not matched by the wage advances of the preceding half-century. 
On the question of organized labor's effect on wages, the evidence is conflicting. Attention should be 
called, however, to the striking rise in manufacturing real wages between 1929 and 1940 when average 
unemployment stood at a consistently high level and when the only tenable explanation of the rise in 
real wages must be public policy and trade unionism. 


Limitations of Consumer Credit Statistics. Ernst A. Daver, Household Finance Corporation. 

Definition and content. All elements in the Federal Reserve Board's definition are relatively simple 
and appear clear. However, differences arise in attempting to apply the definition, because there are 
legitimate differences in point of view, and because different people expect the figures to serve different 
purposes. Even the Federal Reserve Board does not seem to appreciate fully that difficulty also arises 
because the consumer credit total figure is used, as a rule, for an altogether different type of analysis 
than the break-downs. Their decisions on the items to be included for one type of analysis make it 
impossible for the resultant figures to serve properly in another analysis. The basic published estimates 
are limited to the amounts of credit outstanding. Figures showing the flow of consumer credit, if added, 
would provide a much more complete understanding of current developments. 

Methods of estimation. The recent revision has dirtinctly improved the technical accuracy and cover- 
age of the estimates. Even with their shortcomings, they are substantially better than the statistics 
available in most economic areas. I am concerned about the broader, non-technical aspects of the prob- 
lem. Trained statisticians are aware: that all economic statistics measure differences of degree; that all 
classification is subjective; and that every problem really requires its own set of statistics, if they are 
to be truly germane. Most users, lacking formal training, are misled by the aura of accuracy and precision 
which surrounds the mere issuance of estimates by a federal government agency. A clear, concise, and 
simple disclaimer is necessary to dispel the mirage of infallibility. 

On the surface the estimates provided for commercial banks—the most important single type of 
holder—appear to be the most thoroughly grounded of any of the series. Yet, the whole procedure in- 
volves guesswork, because the banker frequently does not know the use of each loan, at the time it is 
made; and experience shows that many respondents give whatever figures are easiest when condition 
reports are prepared, semi-annually. The correction factor applied by the Board to exclude the non- 
consumer portion from the reported figures is based upon a single survey—a sample which seems wholly 
inadequate. The validity of using the findings of this single survey from 1939 to the present time, and 
into the indefinite future, is questionable. 

Preseniation and classification. The presentation of data in the Federal Reserve Bulletin represents 
a distinct improvement over the old tables. This is true, particularly, of the functional break-down with- 
in the instalment credit sector. Other basic tables break down the amount of instalment and non- 
instalment credit respectively, according to holder. Here the decision to treat sales finance companies 
on a consolidated basis (including the operations of cash lending subsidiaries) appears unwise and 
should be revised. To attain the stated objective of the Board (to present the data in such detail that it 
can be taken apart and put together by analysts with various interests and various types of problems), 
much finer break-downs are necessary—and could be obtained if the Board made a serious attempt to 
do so. 


Recent Revisions on Consumer Credit Statistics. Homer Jones, Federal Reserve Board. 

The Federal Reserve Board in 1953 completed a revision of the statistics regarding consumer 
credit outstanding from 1939 to date. The new data are the first thorough revision of the series since 
their inception in 1940 and were made possible by the results of the 1948 Census of Business. The revi- 
sion resulted in a substantial increase of estimates of consumer instalment credit outstanding and a sub- 
stantial reduction in estimates of charge accounts outstanding and a moderate increase in total con- 
sumer credit. The revised data and a description of the process of revision are presented in the Federal 
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Reserve Bulletin for April 1953. Technical aspects of the revision are dincussed in a supplementary 
pamphlet issued by the Board. While the revision of the series was desirable and necessary, it appears 
that the unrevised series had never been misleading as to order of magnitude of amount outstanding 
or of change in outstandings. Furthermore, it is believed that the use of annual Census Bureau data from 
the retail trade survey will provide a much more accurate basis for estimates in the future. 

In connection with the revision of these series, a thorough evaluation has been made of the concepts 
involved and the means of making current estimates. Denomination of the series as “short- and inter- 
mediate-term consumer credit” has emphasized the fact that it covers only part of consumer credit, since 
house mortgages owed by owner-occupants are excluded. The “service credit” series has been thoroughly 
revised, primarily by basing its major component, amounts owed to medical practitioners, upon data 
from the Survey of Consumer Fi Treat t of data supplied by commercial banks has been 
improved upon a basis of the results of sample surveys. 





The Function of the Outside Consultative Committee in the Revision of Governmental Statistics. 
B. D. Mupeert. 


In the revision of governmental statistics, there are five parties at interest—employers, employees, 
the government bureau in question, the outside public, and the whole body of statisticians interested 
in the particular statistical output. Employers’ and employees’ interests may or may not coincide with 
the ends sought in a revision; advantage accrues to the general public from a strong and healthy econ- 
omy and statistical procedures that assist this long run objective are in the interest of the general public. 
The bureau personnel is in general highly competent but is beset both by routine operations that 
resist change and by outside pressures of groups dominated by their self interest. The whole body of 
scientists, as scientists, must be presumed objective and their pressures therefore lead in the direction of 
constant improvement of statistical processes. Herein lies the good earth that must be worked by the 
committee of “experts” when they are asked to sit with bureau personnel in the revision of important 
bodies of governmental statistics. It is this situation that gives them a function the performance of which 
may aid in the improvement of government statistics. They operate to perform three tasks: (1) Better 
theory—the clarification of concepts back of particular bodies of data or particular statistical tools 
through give and take discussion between consultants and bureau personnel; (2) better liaison between 
government bureaus and the outside public, leading to education of the public on the significance of the 
work of bureaus and on the competence of staff; and (3) encouragement toward working conditions that 
will attract competent personnel and lead to improved career service in governmental agencies 


A Follow-up Study of Mortality in World War II Prisoners of War. Bernaap M. Conen, Nationat 
Research Council, and Maurice Z. Coopsr, Veterans Administration. 


Using tested methods of follow-up by matching existing military, Veterans Administration, and 
other records, and by questionnaire survey, the Committee on Veterans Medical Problems, National 
Research Council, is conducting for the VA a follow-up study of mortality, morbidity, disability, and 
adjustment in U. 8. white male Army personnel who were prisoners of war in World War II and liberated 
alive. Representative samples of both Pacific and European ex-prisoners, together with appropriate 
control groups, are being followed. This initial report is confined to mortality as observed in the first six 
years after liberation, and deals primarily with methods. The main methodological features are: (1) 
Demonstration from previous experience of the virtual completeness of VA death records of service- 
men and veterans, permitting accurate measurement of mortality differentials, and providing reliable 
estimates of possible error where the differentials are small. (2) Selection of control samples from Army 
unit records to match controls with prisoners in proportion of ground and air forces, officers and enlisted 
men, and time distribution of and opportunity for capture, the latter two factors being better ap- 
proximated in the European than in the Pacific area. (3) Use of (a) an additional control, a sample of 
veterans generally, to evaluate the effects on mortality of selection for military service, and (b) popula- 
tion life table mortalities as an intermediate device to derive stable, annual, age-specific mortality ex- 
pectations. 

The main findings are: (1) A marked excess of mortality in the Pacific prisoners, somewhat concen- 
trated in the first two years after liberation, and no excess of mortality in the European prisoners. 
(2) In the mortality excess of Pacific prisoners, tuberculosis and automobile accidents are the most 
conspicuous causes of death. 


Insurance Mortality Investigations of Physical Impairments. E. A. Lew, Metropolitan Life Insurance 
Company. 
Life insurance mortality investigations may be regarded as a classical example of long range 
follow-up studies. They have usually dealt with relatively large numbers of persons who have been 
automatically traced for long periods of time through the circumstance of their being insured. The pro- 
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cedures for such studies were fully developed by actuaries more than a hundred years agu. The paper 
draws attention to the salient features of several types of life insurance mortality investigations and to 
the essential procedures used in such long range follow-up studies of physically impaired lives. It out- 
lines the scope and the principal findings of the more important investigations of physical impairments, 
and discusses both the limitations and the special value of the data for public health and medicine. 

The following mortality investigations of physical impairments are specifically referred to: Medico- 
Actuarial Mortality Investigations, 1912-1914; Medical Impairment Study, 1929 and its Supplement; 
Medical Impairnient Study, 1936; Medical Impairment Study, 1938; Blood Pressure Study, 1939 and 
Its Supplement; several recent studies of the effect of build on mortality; several recent studies based 
on follow-ups of disabled policyholders. 

Reference is also made to the Impairment Study, 1951, a comprehensive intercompany investiga- 
tion of the past ‘i’teen years’ experience under some 132 groups of physical impairments, which is due 
to be published by the Society of Actuaries in the spring of 1954. 

The findings of these investigations have made it possible to express the long range prognoses for 
a wide variety of impairments in numerical terms. They have been particularly valuable in shedding 
light on those impairments that fall in the broad range between good health and disease as recognized by 
clinicians, for example, overweight and moderate elevation in blood pressure. Follow-up studies of 
policyholders who recover after incurring a disability while insured have produced data indicative of 
the long range prognoses for the more serious impairments, such as advanced tuberculosis and coronary 
occlusion. 


Factors in Interpreting Mortality After Retirement. Rosert J. Myers, Social Security Administration. 

Currently there is considerable discussion as to the advantages of individuals continuing in employ- 
ment beyond age 65 rather than being forced to retire compulsorily. Such advantages accrue both to the 
individual and to the nation. One of the subsidiary advantages frequently claimed is that an individual 
who is compelled to retire will lose his vitality and die much earlier than if he were allowed to continue 
in gainful employment. This runs contrary to the viewpoint frequently expressed several decades or 
more ago that workers were being kept in harness until they dropped dead from exhaustion rather than 
being allowed to spend their declining years in peace and leisure. 

Unfortunately, specific and reliable data as to the effect of retirement on mortality are not available. 
The analysis is complicated by the question as to whether people retire because they are disabled and 
thus subject to high mortality or whether the retirement itself produces the high mortality. Clear evi- 
dence is available that retired persons do have higher mortality than active workers and the general 
population at the same ages, especially in the first few years after retirement. These data are presented 
for various’ Governmental retirement systems and for certain selected non-Governmental programs. 
Consideration is also given for various types of retirement systems as to how the resulting mortality 
experience may develop and what biases and limitations may be present solely because of the particular 
provisions of the plan rather than because of any underlying mortality effects. 


Some Observations on the Inequality of Incomes. Henman P. MILLER 


Throughout history philosophers have speculated about reasons for the inequality of incomes. 
Various explanations have been offered. Sone have stressed ability, others chance, and still others 
institutional factors which give the children of the wealthy an undue advantage. This paper offers a 
statistical explanation for the skewness of the income curve. The thesis is that the skewed income dis- 
tribution reflects the merging of several symmetrical curves which differ only with respect to the level 
and spread of incomes. To explain income inequality it is first necessary to understand the reasons for 
the differences in the component parts of the income curve. 

Much of the skewness of the income curve is due to the inclusion of women in the distribution 
The difference between income distributions for men and women has little to do with chance, ability, 
or the possession of private wealth. Among men, nearly three-fourths of the highest income group 
(over $10,000) are independent professionals, businessmen, or managers. To the extent that there is 
freedom of entry into these occupations, income differences between these groups and others may merely 
represent the payment by society for rare skills or risk taking. The facts regarding freedom of entry are 
not now adequately known. 


Value of Dwellings in Relation to Income. Marcarer Rem, University of Chicago. 


This analysis of value of owner-occupied dwellings in relation to income using data from the 1950 
census is still in a preliminary stage. Major findings include the following: (1) Coefficients of elasticity 
of value of dwelling in relation to income with grouping by income of primary families and individuals 
occupying them had a considerable range, e.g. from .18in Cleveland to .63 in Birmingham. For 8.M.As 
(Standard Metropolitan Areas) in general it appears to be around .30. (V =a-+bI, where V equals the 
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logarithm of value of owner-occupied dwelling and J equals the logarithm of income of primary families 
and individuals occupying them.) Many factors appear to contribute to this relatively low coefficient 
as well as to differences among S.M.A., e.g. distribution of hoseholds by age and sex of head and random 
variations in income. Households with head 65 years or older or with female head tend to have a high 
value-income ratio and tend also to concentrate at low incomes. In addition, random variations of in- 
comes tend to concentrate at low incomes persons with a transitory decline in income and at high levels 
those with a transitory increase. This distribution of transitory incomes interferes seriously with differ- 
ences in current income indicating what families tend to do when changes occur in income status. How- 
ever the coefficient of .30 is quite similar to the corresponding coefficient of imputed rent of owner- 
occupied dwellings in relation to income, for places surveyed by the U. 8. Department of Labor during 
the thirties. (2) The average value of owner-occupied dwellings for various S.M.As., standardized for 
income level of the family, is related to the income of the 8.M.A. This is consistent with earlier observa- 
tions that expenditure levels appear to be a function of the i of the community as well as the cur- 
rent income of families. There seems good reason to believe that if the effect of random variations in 
family income is eliminated the association of value of dwelling to community income as a separate fac- 
tor is no longer present. (3) Coefficients of elasticity of value in relation to income from a grouping 
of households by value of dwelling tend to approximate 2.0. Since value of dwelling probably has less 
random variation than current income, it may be that this regression provides a better measure of the 
effect of difference in income status on the value of dwelling than does a grouping by current income. 
Differences in level of the value curve among S.M.As. from this classification are related to age distribu- 
tion and not to income of the community. (4) Intergroup value-income relations among major portions 
of the New York S8.M.A. and among census tracts of several places yielded coefficients of elasticity of 
value of dwelling to income around 2.0. 


Changing Geographic Patterns of Migration in the United States. Henry S Surrock, Jr., U. S. Bu 
reau of the Census. 

In order to study trends in net migration by States and possible changes in the overall pattern of 
interstate migration, figures were compiled from a variety of sources. Many of the data used were 
estimates especially prepared for this purpose. The following nine periods were included: 1950-1952, 
1949-1950, 1945-1950, 1942-1945, 1940-1942, 1935-1940, 1930-1935, 1920-1930, and 1910-1920. Using 
the States as units, product-moment correlation coefficients were computed for all pairs of time periods. 
Of these 36 correlations, 31 were significantly different from zero at the .05 level and were all positive. 
The median value of all the correlation coefficients was +.58, and the range was from —.03 to +.93. 
There did not appear to be any systematic changes in this pattern over time; adjacent periods were not 
more highly correlated than nonadjacent periods. Furthermore, the pattern by States did not seem to be 
related to the gross volume of interstate migration of a given period. There were indications that the 
pattern was sensitive to economic conditions and to war conditions. The relationship was not a simple 
one, however. 

These conditions have more obvious effect on the figures for some of the individual States. Many 
of these States do show fairly definite trends in net migration. The year from April 1949 to April 1950 
had the most atypical pattern of interstate migration. For this year and the period 1935-1940, statistics 
are available on migration in both directions between pairs of States. Four States (California, Michigan, 
Tennessee, and Texas) were selected for intensive examination. For each of these States, the im- 
portant interchanges with other States were listed, and changes between the two periods were noted. 
Some of the most important shifts in migratory currents were thus detected. The quality of the basic 
data, additional information needed, and some questions for future examination are also discussed. 


The Problem of Improving Mineral Statistics. J. E. Morton, Cornell University. 


The problem of improving mineral statistics is only a part of a universal problem: the improvement 
of the systematic mass production of economic data in general. That the collection of mineral statistics 
should create a special problem may be attributed to the late but rapidly growing interest in the mineral 
sector of our economy; in part, the problem is due to the technological peculiarities of the extractive in- 
dustries. Weak-spots and other “pathologies” in a given fact finding machinery are easily identified if 
one projects such machinery against generally accepted requirements and standards. Examples of such 
requirements applying to any efficient and well organized mass data production process are: (1) The 
proper specification of the end product; (2) The efficient production of the data while adhering to ac- 
cepted statistical standards; (3) The quality control of the product to protect the data-consumer and 
to yield a basis for continuing improvement of the data production process. Comparing—from the 
above points of view—mineral statistics with other major types of economic data collection systems, with 
agricultural, manufacturing, population and employment statistics, one must admit that mineral sta- 
tistics frequently violate the above sketched requirements. The resulting weaknesses have been reflected 
in such diagnostic reports as that by the Hoover Commission, the President’s Material Policy Commis- 
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sion and the American Statistical Association’s Survey of the Statistical Operations of the Bureau of 
Mines. 

In conclusion, it appears that several basic steps will have to be undertaken before special thera- 
peutical measures can be applied effectively. These steps are: (1) The development of a broad, yet 
specific, mineral statistics policy which will not only recognize the difference between the needs of the 
technologist on one hand and those of the business analyst and economist on the other, but also the dis- 
crepancy between the commodity and the industry-wide point of view. (2) The adherence to modern 
statistical standards and the development of new methods and procedures where justified by the 
peculiarities of the extractive industries. (3) The reconsideration of the administrative framework 
within which efficient production of mineral statistics is to develop, including the very important ques- 
tion of how to generate, attract, and best utilize the particular kind of rare combination of talents and 
skills needed for the successful operation of a mineral statistics program. 


The Economic Outlook for 1954. Garnarp Coto, National Planning Associates. 


To maintain “full employment” next year an increase in total production of about $10 billion would 
be necessary. Surveys of present spending intentions of consumers, business, and government for the 
next year do not indicate any sharp increases or decreases in total buying but on balance a mild further 
decline. The defense demand of the Federal Government may be down by $2 or $3 billion next year, but 
the continuing rise in state and local expenditures for roads, schools, hospitals, and other improvements 
will offset much of the decline in Federal demand. Business enterprises are planning only slightly less 
spending for plant and equipment in 1954 than in the peak year 1953. According to a recent survey of 
consumer attitudes, people in general are optimistic about next year’s income and feel that the present 
is a “good time to buy.” However, some decline in consumer incomes is likely. Since there is no indica- 
tion that consumers intend to spend a larger proportion of their incomes, consumer spending is likely 
to show a moderate decline. If one simply puts the fragmentary indications of present intentions into a 
coherent picture and allows for some decline in inventories, one would reach the conclusion that the year 
1954 would bring a reduction in total production of about $10 to $15 billion instead of the desirable 
full employment increase of $10 million. This would mean a level of activity of 5 or 6 per cent below the 
full employment level. Unemployment might rise from 14 million in 1953 to perhaps 3} million in 1954. 

Before accepting this as a “forecast” it must be recognized that present intentions, which are 
the basis for this outlook, may well be changed. In view of the possible weakness in markets for some 
goods, it is possible that business might engage in rather substantial inventory liquidation and might 
also revise downward its expansion programs. On the other hand, forward looking businessmen may 
think that conditions warrant a stepped up modernization program. They might also push ahead the 
development of new products and make the purchase of goods more attractive so that consumers are 
persuaded to use some of their liquid reserves for increased purchases. Finally, the Government in 
response to an economic downturn might adopt tax reductions beyond present plans, might adopt 
financial measures to stimulate the construction of residential houses, or might step up other useful 
programs. In our present state of knowledge it is only possible to indicate the economic trend on account 
of present intentions. This trend is mildly down. If the community maintains its confidence that the 
Government is ready and willing to act, it should be possible to prevent the downturn from developing 
into a depression. How consumers, business, and government respond to this trend, whether their 
responses will aggravate, mitigate, or reverse it, can be a subject of discussion but not of any forecast 
which pretends to be more than one man’s opinion. 


Economic Forecast of the Agricultural Situation, 1954. Or1s V. Weis, U. S. Department of Agriculture. 


No marked change in the domestic demand for food and other agricultural products appears likely 
in 1954 as compared with the current year. Also, foreign takings of United States farm products, while 
sharply reduced in the 1952-53 eeason from other recent years, appear to be at a level sustainable over 
the next year or so. Supplies of most farm products are expected to continue large in 1954. Carryover 
stocks may increase further by the end of the current marketing year, but a large part will be held by 
the Government. Acreage restrictions are likely to bring smaller wheat and cotton crops in 1954 and 
price support programs will continue to cushion the impact of large supplies on farm prices. With pros- 
pective conditions of demand and supply for farm products in 1954 approximately the same as in 1953, 
the average of prices received by farmers may hoid near current levels. With cost rates to farmers 
stabilizing, the cost-price squeeze in agriculture is not likely to be intensified significantly in 1954. 


Achieving Maximum Predictioa per Unit of Testing Time. Jonn T. Datuey, Bureau of Naval Personnel. 

In an aptitude battery of finite length composed of pools of homogeneous items, how long and thus 
how reliable should each test be in order to maximize the composite validity of the battery and thus 
obtain maximum prediction per unit of testing time? For tests composed of homogeneous items, test 
validity and reliability vary concomitantly with the number of items, and varying the test length alters 
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both reliability and validity in a predictable manner. Formulas are derived and presented for predicting 
correlations with tests of altered length. 

When homogeneous items are added to a given test, the amount each successive item adds to the 
multiple validity falls off sharply. Items added last to a long test of highly valid type items may add less 
than items added first toa less valid type of test. Data are presented to predict the results of a shortening 
of each test in the Aviation Cadet Classification Test Battery. It is demonstrated that, for a given 
amount of testing time, appreciably greater multiple validity may be obtained by using a large number 
of short tests rather than a smaller number of long tests. These predictions were verified by an empirical 
study. 


Family Interaction and the Transmission of Achievement-related Attitudes. Frep L. Srroprsecx, 

University of Chicago. 

Forty-eight recorded discussions between father, mother, and adolescent son were analyzed and 
significant negative correlation was found between the power of the father in the family decision- 
making and the score of the son on an achievement-related attitude scale. The families were second 
generation (the son third), of Jewish and Italian ethnicity, divided between over- and under-achieving 
students and stratified into three socio-economic status groups forming a 2 <2 X3 factorial design. The 
frame for selecting the sample was created by administering questionnaires to all children between 14 
and 17 in parochial and public schools in an Eastern City. The study is a part of the research on the 
early identification of talented persons sponsored by the Markle Foundation through the Social Science 
Research Council. 


The Validation of Testing Programs for University Students. Wiiu1am B. Scoraper, Educational Test- 
ing Service. 

The widespread use of tests for selection and guidance in American universities has been accom- 
panied by the growth of testing programs. A testing program may include all the steps needed in col- 
lecting data on test performance by examinees and in transmitting the test results in a convenient form 
to appropriate test users. Validation of tests for predicting academic achievement contributes to a pro- 
gram by aiding in the evaluation of program components, in the improvement of test offerings, and in 
the effective use of test results. 

A comparative study of mathematical aptitude and achievement materials for predicting engineer- 
ing school grades provided useful information for an administrative decision by the College Entrance 
Examination Board. A simple method of assigning optimal testing times to test parts indicated that the 
Law School Admission Test could be appreciably shortened while maintaining the same validity. Graphs 
have been used to aid in combining test scores with previous academic record and expectancy tables 
have been developed to aid test users in interpreting predictions. The planning and interpretation of 
validity studies should provide for: sampling institutions according to a defined plan, using test scores 
jointly with other predictors, studying homogeneous student groups, avoiding capitalization on chance, 
taking account of restriction of range of talent, using a regression approach wherever possible, and re- 
porting results simply. Criterion development is a promising though difficult field. Broadening of the 
criterion to include other major outcomes of college and professional education than those reflected in 
grades is needed. Also needed is long-range validation of the tests administered in the 1920's against 
criteria of adult success. 


Statistical Principles of Testing. Jonn Manpen 


The answer to many problems in science, both fundamental and applied, is found in small differ- 
ences in the numerical values of a few measurements. In determining these differences, it is necessary 
to guard against biases introduced by the testing procedure. One of the principal functions of statistical 
design is to detect and neutralize these biases. Examples are given to illustrate this approach: 

(1) In an experiment made for the purpose of testing the homogeneity of 4 batches of polyisobutyl- 
ene by means of flow-vicosity measurements, a 4 <4 latin square was used. Considerable day-to-day 
variation, as well as systematic effects of chronological order within days were found. Correction of the 
data for these systematic effects permitted an evaluation of the degree of homogeneity of the material 
within prescribed limits of uncertainty, that would not have been possible without statistical design. 
(2) In many cases experiments run in parallel display much greater agreement than experiments run 
at different times or in different laboratories. This fact can be used to increase precision by the well 
known device of the “control sample.” Statistical methodology has broadened the idea of the control 
sample to include the concept of the statistical “block,” thereby eliminating the need for an actual 
control sample in many instances. The idea is illustrated by a road test of eight automobile tire brands 
for rate of tread wear, run in accordance with a chain-block design with two-way elimination of hetero- 
geneity. Both run-to-run variation and the effect of wheel position are eliminated from the comparison 
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of the brands. (3) In interlaboratory experiments, the specimens for test are usually allocated entirely 
at random among the various laboratories. A judicious utilization of the idea of the experimental “block” 
can sometimes increase the precision several fold. Sheets of vulcanized rubber often show considerably 
more variability than that observed on any one sheet. In an aging study of rubber, carried out as an 
interlaboratory experiment, the information per measurement might well have been increased six-fold 
if the specimens necessary to obtain individual aging curves had been taken from the same sheet 


Some Comments on the Lot Plot Plan. L. E. Moszs, Stanford University. 


The lot plot plan of sampling inspection was conceived by Shainin as a method to give a high degree 
of protection against acceptance of lots with fraction defective in the vicinity of 1/10 of 1%. The plan 
is supposed to be effective regardless of the character of the lot. It has found wide adoption in many 
industries in this country. Little is known of its theoretical basis. The plan calls for taking a random 
sample of 50 observations and plotting the histogram for the sample, as well as the mean and average 
range (from the 10 sets of 5 observations). From the appearance of the histogram the inspector decides 
whether to view the lot as “normal,” “flat-topped,” “long-tailed,” “bimodal,” “skew,” or “truncated.” 
For each such type there is a somewhat different way of deciding upon the acceptability of the lot. 

This paper presents indications that the operating characteristics of the plan depend markedly 
on the character of the lot; that there is little hope of using a 50-observation histogram to detect“ small” 
departures from normality which greatly distort the O C. curve. The special types of analysis prescribed 
for skew and bimodal samples are considered, and found to have rather unsatisfactory properties in 
general. 


Continuous Sampling Plans. Harry WEINGARTEN. 


Continuous sampling plans (for acceptance inspection of material not assembled in “lots”) available 
in the literature, were designed for a manufacturer interested in keeping a check on his production and 
also guaranteeing an AOQL. The plan proposed by H. F Dodge, “A Sampling Inspection Plan for 
Continuous Production” in the September 1943 issue of the Annals of Mathematical Statistics, is such 
a plan. Dodge’s plan requires the alternation of 100% inspection and sampling. Two quantities ¢ and f 
are specified: if after starting with 100% inspection, i consecutive items are found free of defectives, 
sampling at the rate f begins. If a defective is found during sampling, the inspection returns to 100% 
until again i consecutive items are free of defectives, etc. For a fixed value p of the incoming per cent 
defective, i and f determine the AOQL. 

Emphasisin adopting the Dodge Plan for use by a purchaser (Bureau of Ordnance, Navy Depart- 
ment) was placed on reducing the amount of inspection required. If poor quality were submitted for in- 
spection, the purchaser would, in effect, perform a screening operation for the manufacturer. The 
adaptation utilized the rejection number concept of lot acceptance plans; thus the Dodge Plan is oper- 
ated as long as less than a+1 defectives are found. When inspection is interrupted, upon finding the 
a+1st defection, it is not resumed until the manufacturer finds and removes the cause for defective 
product. 

A sampling plan in Navord Standard 81 is defined by four quantities, N =anticipated volume of 
production, i=length of 100% inspection requirement, f =sampling rate, and a =maximum number of 
defectives allowed before interruption. This generalization of the Dodge Plan (Dodge Plan: N=, 
a=) produces mathematical problems of great complexity. If the effect of a plan defined by N, i, f, 
and a is described by 

Lp =Pr (not interrupting inspection), 


it was possible to find Ly exactly, only for a =0, 1, 2. For larger values of a an approximation was used. 


Problems of Coordinating the United States Statistical System. Stuart A. Rice. 


The statistical system of the United States embraces many official, semi-official, and unofficial 
agencies and instruments, among which some degree of coherence is maintained by item to item adjust- 
ments among related tasks and processes. The relationships may be those of conceptual congruity or 
those of consistency in operational patterns and sequences. The process of maintaining coherence is 
called coordination. In the decentralized statistical system of the United States a particular problem 
which falls to the Office of Statistical Standards as the Government’s central agency of statistical co- 
ordination is that of representing the general interests. These often override or lie between the interests 
and responsibilities of particular statistical agencies. Although a cross-cutting “statistical budget” is 
developed by OSS each year, its components must be fitted into the over-all budgets of departments and 
agencies, thus raising special problems. Other important problems of coordination are the establishment 
of balance among separate agency programs, of establishing lines of demarcation between governmental 
and non-governmental responsibilities and of finding the appropriate boundaries to the conceptions of 
“confidentiality” and national security’interest in ‘data. Finally, the problem of liaison between Federal 
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statistical agencies and the statistical profession is being solved in piecemeal and modest but satisfactory 
ways through advisory mechanisms established by the American Statistical Association. 


Problems of Co-ordination in the Canadian Statistical System. Herpert MARSHALL. 

Canada’s statistical system is highly centralized. The Dominion Bureau of Statistics was set up 
under a Statistics Act in 1918 and instructed to “organize a general scheme of co-ordinated social and 
economic statistics pertaining to the whole of Canada and to each of the provinces thereof.” To reach 
this objective several types of co-ordination were necessary. Since Canada is a federal state the raw 
materials for some kinds of statistics are derived from the administrative records of both federal and 
provincial departments. These administrative records have to be fitted into the general overall scheme. 
Co-ordination with provincial departments is achieved mainly by annual or less frequent Dominion- 
Provincial Conferences in various statistical fields. The bulk of the Bureau's output is based on informa- 
tion collected directly rather than from administrative records and includes censuses of population, 
agriculture, industry, distribution, labour and prices, and numerous other fields. Co-ordination with 
those who fill in the questionnaires and those who use the data involves close liaison with numerous 
business and other organizations and a wide variety of users of the data. Co-ordination of the work 
done within the Bureau of the fourteen Divisions and numerous sections is of great importance. Uni- 
formity in concepts, definitions, classifications, avoidance of duplication, and other aspects of co- 
ordination require constant vigilance on the part of interdivisional committees, and other supervisory 
efforts. 


Methodological Problems and Findings of Study of Recipients of Old-Age Assistance. THomas G 

Hutron, Department of Health, Education, and Welfare. 

The major methodological problem faced by the Bureau of Public Assistance in making the study 
of old-age assistance recipients, as in all its studies, is how to collect data that are comparable from 
State to State when the Bureau must conduct its studies with personnel of 53 State public assistance 
agencies each operating under its own, and frequently diverse, policies, and with case workers in over 
1,000 governmental units scattered throughout the length and breadth of the land. These workers have 
diverse backgrounds and varying degrees of technical skill. Contacts with State personne! and local case 
workers are almost entirely through the written word, and the Bureau is dependent on obtaining the 
cooperation of these workers in order to obtain data that are reasonably accurate. The solution to this 
problem while not a statistical one, but one in the field of human relations, is an integral part of making 
such a study. The paper discusses how this problem was solved. 

The study of old-age assistance recipients was designed to obtain answers to two questions: (1) Who 
are these old people that are receiving public assistance, and (2) How do they live. Answers to the first 
question were obtained in terms of certain social characteristics; age, sex, race, marital status, and 
physical and mental condition. Answers to the second question were obtained through information on 
living arrangements, extent of home ownership, certain housing characteristics relating to extent of 
' overcrowding, sanitary facilities in the home, and the use of modern conveniences such as electricity, 
‘ the telephone and refrigeration. The degree to which children contributed to the support of aged parents, 
the amount and sources of income other than assistance, and the total amounts of income on which 
these people lived also contributed to answering the second question. The findings of the study on each 
of these points are presented in brief compass in the paper. 


Methodological Problems and Findings of Survey of Aged Beneficiaries of Old-Age and Survivors In- 
surance. Epona C. Wentwort#, Social Security Administration 


In the fall of 1951 the Bureau of Old-Age and Survivors Insurance conducted a Nation-wide survey 
of the economic resources of retired worker and aged-widow beneficiaries. The paper discusses the meth- 
ods used in evaluating the economic situation of the beneficiaries and some of the findings for those 
who received benefits throughout the survey year. Slightly over three fifths of the beneficiaries had in- 
come in addition to their own independent retirement income, or they used assets. The chief sources of 
the additional income were public assistance, contributions from relatives outside the household, and 
earnings, usually from short-time employment. Two thirds of the beneficiaries either received public 
assistance or had less money income from all sources than public assistance would allow its recipients 
who lived alone in rented quarters; a sixth were assistance recipients. Half of those with the low in- 
comes and no public assistance got along because they lived with relatives and were partially supported 
by them. Some of the others had noncash income of various kinds. Altogether, half the beneficiaries were 
partially dependent during the survey year, more of them on relatives than on public assistance. 

If they used one tenth of their liquid assets each year, most (70 per cent) of the retired workers with 
the highest benefits—$60 to $68.50—would have independent retirement funds for the next 10 years of 
at least $900 a year if single and $1,500 if married Only 36 per cent with benefits of $50 to $59 would 
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have such independent retirement funds. Those with smaller benefits were worse off. Homes were owned 
by 45 per cent of the beneficiaries but the homes are not takep into consideration in this appraisal of 
beneficiary resources. 


Intervals Between Onsets of Multiple Cases of Poliomyelitis in Families. Anruur 8. Lirrgu. and 

Gerorae V. Samir, Western Reserve University. 

Recently P. E. Sartwell has shown that observed incubation periods of poliomyelitis are described 
by a log-normal frequency distribution. Using this distribution of incubation periods an expected dis- 
tribution of intervals between onsets of pairs of cases exposed simultaneously was computed. Six ob- 
served series of intervals between onsets of initial cases and onsets of subsequent cases within families, 
1310 intervals in all, are compared with the distribution expected if all cases in each family resulted 
from common exposure. The agreement between observed and expected distributions is very good in 
some of the series. In the others, the disagreements are opposite to what one would expect if there were 
an appreciable proportion of secondary infections within families. Instead of an excess of intervals 
longer than 7 days, which would represent secondary cases, there is a deficiency. 

It is shown that, even if non-susceptible carriers are partially responsible for the spread of polio- 
myelitis, an observed distribution of intervals should show an excess due to secondary cases of intervals 
longer than 7 days over the number expected on the basis of common exposure. This argument points 
to one of two conclusions: (@) when multiple cases of poliomyelitis appear in a family, the source of in- 
fection is common, and spread of the disease from case to susceptible within the family is rare; or, (b) a 

ase of poliomyelitis can be infectious very early in its incubation period. 


Unsolved Problems of Experimental Statistics. Joun W. Tuxer, Princeton University. 

It would not be misleading to say that there is only one unsolved problem of experimental statistics 
—“How can we identify the problems of experimental statistics?” (We can identify a good many un- 
solved problems by accident, but we probably miss many important ones for far too many years.) Ex- 
perience to date indicates that difficulties in identifying problems have delayed statistics far more 
than difficulties in solving problems. This seems likely to be the case in the future, too. 

Thus it is appropriate to be as systematic as we can about unsolved problems. Any system may 
be a start toward a partial solution of this one central unsolved problem. We shall try to do this by 
stating first some hypergeneral principles and then some general consequences. We shall strive to phrase 
these as generally as possible, in the hope of prolonging their useful life. The discussion of examples of 
these 18 general principles will set forth a number of unsolved problems, while a list of 37 provocative 
questions poses many more. The account closes with a discussion of the pessibility of orienting experi- 
mental statistics toward problems rather than techniques. 

Some general principles. If we feel that the detailed problems of experimental statistics arise from 
the interaction of certain general principles among themselves and with classes of experiments, it is rea- 
sonable to try to state and illustrate some of these principles. Most of these hang on four hypergeneral 
principles, which may seem harmless until we come to their consequences, namely: (A) Different ends 
require different means and different logical structures. (B) In each area, statistical method must and 
does evolve, mainly by adding both immediate ends and considerations. (C) While techniques are im- 
portant in experimental statistics; when to use them and why to use them are more important. (D) In 
the long run, it does not pay a statistician to fool either himself or his clients. 


Characterization of Distribution-free Statistics. Z. W. BrrnBaum. 

1. Definitions. Let 2 and @ be families of cumulative probability functions. A real quantity 
W =S(Xi, X1,°**, Xn, @) isa statistic in Q with regard to Q if, for any GeQ@ and Xi, X2,°**, Xnin 
the n-dimensional sample space E,, of a random variable X with the c.p.f. FeQ’, this quantity 1° is defined 
almost everywhere in E,, and 2° has a probability distribution; this probability distribution is then de- 
noted by P[S(Xi,° ++, Xn, @; F]. 

If 2 = and the statistic S(X:, Xs, - + +, Xn, @) hasthe property that P[s(X, +++, Xn, @; G] is 
independent of G for Ge, then S(Xi, +++ , Xn, @) is a distribution-free statistic in Q. 

Let & be a family of c.p.f.’s such that the inverse function G~ can be defined for each GeQ. A 
statistic S(Xi,°°*, Xn, G) in Q@ with regard to a family ® is called strongly distribution-free if 
PS, X:,+ ++, Xn, @); F] depends only on r = FG“ for all GeQ, Fe. 

If there existe a function ® defined on the n-dimensional unit cube and symmetric in its arguments 
such that for any GeQ, Fe®’ we have S(Xi,*** , Xn, G@) =@[G(X1),°°°, G(Xn) ] almost everywhere in 
E, for the random variable X which has c.p.f. F, then S(X:,*** , Xn, @) is a statistic of structure (d) in 
Q with regard to 0’. 

2. Problems. Some types of problems which may be formulated in terms of the concepts defined 
above are: (a) given ©, characterize the class of statistics which are distribution-free in 9, or strongly dis- 
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tribution-free in Q with regard to a given 0’; (b) given OQ and a loss-function L, determine the distribu- 
tion-free statistic which is optimum for a specified decision-th tical problem. 

The following are some results obtained by the speaker and H. Rubin for problems of type (a): If a 
statistic in the class Q: of al) continuous c.p.f.’s with regard to 2: has structure (d) then it is distribution- 
free in 2:; but not every statistic of structure (d) in Q: with regard to % is distribution-free in 2: A 
statistic in the class Q* of strictly increasing continuous c.p.f.’s with regard to 2* is strongly distribution- 
free if and only if it is of structure (d). For problems of type (b) O. P. Aggarwall has recently shown 
that for estimating a cumulative probability function the minimax procedure invariant under all per- 
mutations of the sample is, for certain plausible loss functions, either that based on Kolmogorov's 
statistic or on some modifications of that statistic. 





Inadequacies of the Construction Estimates as General Economic Measures. Warmer E. Hoan ey, 

In., Armstrong Cork Company. 

Construction merits general recognition as a major American industry, but few leaders within this 
diversified industry show much interest in aggregate activity statistics, and most “outsiders” have so 
little first-hand knowledge of construction that they tend to accept almost without question any avail- 
able measures of construction, especially from “official” sources. 

At least five general inadequacies stand out in the construction statistics field at present: (1) a 
widespread lack of understanding and appreciation of the importance of adequate construction statistics 
to public and private policies, (2) weaknesses in the basic construction series currently available, (3) 
major gaps in construction statistics, (4) the absence of a comprehensive plan to strengthen government 
statistics in the construction field, and (5) insufficient funds to insure suggested improvements can be 
carried out successfully. As construction activity has grown in size and importance to the whole econ- 
omy, our knowledge about it has lessened. This unfortunate condition is not due to lack of competence 
in the governmental statistical agencies, which are doing just about the best job that can be done with 
the resources available. It is due primarily to the failure of Congressmen, businessmen, and others to 
recognize the importance of sound data as a basis for market planning or to recognize just how inade- 
quate the present data are for this purpose. 

Since the Korean War, for the first time a construction estimate series—the nonfarm housing start 
series of the U. 8S. Bureau of Labor Statistics—was written into law as a “trigger” statistic to help time 
changes in a government control (i.e., residential credit). This last move, perhaps more than any other 
single development, stimulated new interest in government statistics across the home building industry. 
Government construction specialists also quickly recognized the need to reexamine the adequacy of their 
statistics in light of their increased role in policy determination. Nevertheless, few major policy decisions 
affecting the construction industry can now be properly made on the basis of the statistics available. 

The most encouraging development this year has been the extent to which policy level people 
within and outside government have become aware of many deficiencies in construction statistics and 
have started to promote plans designed to improve several key series. 

The three principal statistical gaps are: (1) Current indications of changes in the national housing 
inventory, reflecting the continuing impact of new buildings, conversions, and demolitions. (2) Esti- 
mated vacancies in old and new dwellings. (3) Estimated expenditures for “fix-up” purposes (i.e., re- 
pairs, additions, and alterations to existing construction). These data are absolutely essential for the 
housing and construction segment of the economy to prosper and avoid major swings. 

The pressing job to be done in government—with the aid of all persons interested in construction 
—must be to obtain some general agreement as to the basic objectives of government in the construction 
field. Government policy officials must decide what they feel they need to make sound decisions in the 
interest of growth and stability in the ecomomy. Only when the major deficiencies and gaps in “public 
policy” statistics on construction have been substantially eliminated should attention be directed to 
meeting the numerous and ever-present requests for more detailed market type informati cept of 
course as such becomes available as a by-product of public policy statistics. In my view, the construc- 
tion industry and the economy as a whole have much more to lose from inappropriate public policies 
than from the absence of fairly detailed information about particular segments of construction markets 

There is reason to believe that construction statistics programs will be strengthened in the months 
ahead—not simply because of our wishes, but rather because “public policy” construction statistics— 
on their own merits—promise to be recognized more widely as far too important to public policy de- 
termination to be allowed to remain inadequate or to deteriorate further. 





Analysis of Variance Models in Sedimentary Petrology. J.C Grirrrrus. 

Investigation of the petrography of sedimentary rocks by analysis of variance already embraces 
completely randomised, randomized blocks, unbalanced lattice and factorial designs. The hierarchy of 
petrographic units represented by rock-types, formations within rock-typs, outcrops within formations, 
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specimens within outcrops and aliquots within specimens leads to multistage sampling patterns and 
completely randomized designs. 

Interacting factors and randomized blocks design may be introduced by using two or more spatial 
dimensions analogous to “rows and columns” of agronomic experiments. In contrast, however, the aim 
of such arrangements in the analysis of sediments is the evaluation, and not solely the segregation, of 
this “fertility gradient”. As another interacting factor order may be introduced either as a stratigraphic 
variable or as a sequential arrangement of a series of experiments. Equivalent to the “variety” effect 
in agronomic investigations, observers performing the same experiments, leads to evaluation of operator 
variation. In this connection operator inconsistency or “discrepance” has proved of vital interest in set- 
ting the sensitivity level of many petrographic investigations. 

Heterogeneous variance has complicated many of the comparisons but by estimating c~mponents 
of variation it has been shown that mean differences are, perhaps, less important than differences in 
variability in characterizing sedimentary rocks and the processes by which they are formed. Equal 
sampling based on the assumption of equivalence of classes, as for example in using, arkose, graywacke 
and quartzite, has proved fallacious and introduces heterogeneous variance. Sampling in proportion to 
variability appears to be the obvious solution as emphasized by some recent analyses of variance of 
sphericity and roundness of quarts grains in sediments. 


On Testing the Association of Mineral Occurrence with a Set of Observable Characteristics. Ray 
MiIcxgyr. 


Let a topographic map M be given for an area to be explored for the presence of a set of minerals. 
Let V be the vector function defined over M which associates with each point of M a set of values of 
geological characteristics, and let Z be the function over M which assumes the value one for those 
points whose mineral density is sufficiently large and which assumes the value zero otherwise. Let z be 
a random point in M whose distribution has constant density over M. We will say that V and Z are 
associated if V(z) and Z(z) are not independent chance variables. 

We consider the possibility of testing Hs, the hypothesis of no association, by the use of conditional 
tests of the following class. Let t=t(V:,° ++, Vn, Z:,°°* , Zn) be a test statistic with observed value fs. 
Conduct a series of sampling experiments in which V:,- ++, Vn and DZ; are held fixed and He is as- 
sumed. The test is conducted by the use of a binomial sampling plan. Perhaps the simplest of these of 
level 1/k are: reject Hs if 

mk—1 


2 usm-—il, 
#1 


where uj =0 if the value of ¢ obtained from the ith sampling experiment is less than ts and uj =1 other- 
wise 
An example is presented in which use is made of the statistic 


t = max min p(V;, Vj) 
tSo je: 
where Sg is the set of indices for which Z; =a, and p is a suitable metric. 


Problems in Sampling the Phosphoria Formation. R. A. GULBRANDSEN and V. E. McKetvey, U. 8. 

Geological Survey 

The Phosphoria formation of Permian age contains vast resources of phosphate and other materials 
distributed over an area of 135,000 square miles in eastern Idaho and adjacent states. In an effort to 
appraise the total mineral resources in the formation and to determine its origin, the U. S. Geological 
Survey has smpled the full thickness of the phosphatic members of the formation at about 200 scattered 
localities. The sampling plan was based mainly on geologic intuition, or geologically educated judgment; 
but it took account of previous information available on the variation in composition and thickness of 
the beds, the distribution of the rocks and their outcrops, and the purposes the samples were expected to 
fulfill. 

All samples collected are being analyzed for phosphate and other constituents of prime economic 
importance. It is expected that the average of five to fifteen widely spaced samples collected from an 
area of a few tens of square miles will represent the grade and thickness of deposits in that area and that 
the range in grade and thickness in any one area will indicate the magnitude of variation to be expected 
there. The chief uncertainty in estimates of reserves will result from lack of information on the presence 
or absence of beds at depth. Some of the samples will be analyzed for constituents or properties of sci- 
entific interest only. These samples will be selected randomly from samples grouped according to rock- 
type, stratigraphic position, or area. 
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Longitudinal Studies of HIP Experience, Background and Some Findings of Pilot Study. Neva R. 
Dearporrr. Health Insurance Plan of Greater New York. 


The longitudinal studies now in progress at the Health Insurance Plan of Greater New York are 
essentially examinations of the experience of people covered for comprehensive prepaid medical care 
for periods of time up to a maximum of four years. Three phases of the experience of these people are 
being examined: their enrollment experience, their utilization, and the diagnoses reported for them. 
The happenings to a constant group of people can be reported from year to year and the changes noted 
in the group’s pattern of experience, irrespective of the sequence of changes experienced by any one 
person or family. Another focus of interest is the movement of persons and families from one category to 
another over the years. 

Longitudinal studies point toward the treatment of each person’s history rather than his condition 
at a given time, as the unit of statistical manipulation. In a sense, it is the statistical approach to a group 
of persons or families, each with a continuing life history to be considered, rather than the construction 
of cross-section views of these people’s characteristics made from time to time. This Project was planned 
and is being carried out under the direction of a committee composed of persons who have no affiliations 
with HIP, implemented by a specially employed staff. The work of the Project is financed by grants 
from the Commonwealth Fund and the Rockefeller Foundation. 

Among the requirements for effective longitudinal studies is the need for a comparatively large 
number of subjects since almost all groups are subject to attrition from death and other causes of loss of 
subjects and since patterns of change tend to proliferate with each added year of observation. (A dia- 
gram illustrating these points was presented.) The HIP studies are based on random samples comprising 
8,025 persons who were under observation from 1948 to the end of the study period (December 31, 
1951), 9,325 since 1949, and 3,500 since 1950. Besides these, there are 8,000 persons whose coverage was 
terminated or had been interrupted or who were spouses and children acquired in the last year (1951) 
of the study period. These 8,000 cases have been included not only because of their place in annual 
tables, but also for purposes of some special analyses on enrollment, utilization, and diagnostic condi- 
tions. Altogether a total of 28,850 persons are included in these studies. Three tables from a pilot study 
were distributed to illustrate a few types of analysis which are being employed in the presentation of 
data. 


Longitudinal Study of Health Insurance Plan of Greater New York. NatHan Gouprars, Health In- 
surance Plan of Greater New York. 


Although there is an increasing recognition of the particular advantages of longitudinal data as 
contrasted to cross-sectional data, there has been only limited experience thus far in the organization and 
processing of large masses of data for longitudinal analysis. It would, therefore, be extremely useful for 
those who are interested in longitudinal analysis to discuss the problems and methods of organizing and 
analyzing longitudinal data. 

There are two basic sources of data for this Special Research Project, namely, (1) the documents 
completed by the physician and submitted to HIP at regular intervals, which identify the individuals, 
and give the tentative diagnosis and other related information, and (2) the registrar records which 
provide the enrollment data and the personal identifying characteristics for each individual. In order 
to determine whether the physicians’ reports were being prepared with sufficient care for the needs of 
the Research Project, the data from these reports were checked for correspondence with the records in 
the physicians’ files and found satisfactory. The 10 per cent sample of families and individuals covered 
by the HIP for which all the Project data are being obtained, was also tested and found representative for 
& number of characteristics. 

The objectives of the Project were framed in a series of questions. It was evident that a history 
and summary of the medicai experience for each individual for the entire period of the study was re- 
quired. The Project then set about to summarize data covering approximately 30,000 people, with about 
315,000 medical services, for a period ranging up to four years. Coding and tabulating methods were 
evolved which permitted an examination of the medical experience and care for each person in the 
sample. Codes were developed to give the detailed diagnoses within each study year, cumulative diag- 
nostic codes to summarize the total diagnostic experience for an entire year, and still another set of 
cumulative codes to summarize the diagnostic experience for combinations of successive years of 
coverage—2 years, 3 years, and 4 years. Chronic diseases were classified separately from the non-chronic 
diseases. Every medical condition was coded, but there was no segregation of “primary” and “secondary” 
diagnoses, nor was there any count of episodes. These decisions were in part dictated by the nature of 
the reporting. Where a diagnostic description was evolved over a period of time, the “best” diagnosis 
was chosen on the basis of a set of rules which, for example, gave priority to the specialist’s report over 
that of the general physician, and to the later diagnosis over an earlier one in a sequence of visits to the 

doctor. 
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The tabulations on utilization will show the trend for various cohorts of individuals indicating how, 
with the passage of time, the factors of age, sex or & diagnostic type affect the quantity of medical care. 


“Spot Checks” in Lieu of Complete Censuses. Howarp C. Grirves, Bureau of Census. 

In the summer of 1953 the Congress indefinitely postponed the Quinquennial Censuses of Manu- 
factures, Mineral Industries, Business and Transportation. It substituted the sum of $1.5 million for 
“spot checks” in the fields of manufactures, business and agriculture. The appropriation is being used 
for three broad purposes: (1) to fill some of the gaps in national aggregates created by the deferral of the 
complete censuses; (2) to increase the timeliness of reports; and (3) to develop some new statistical 
indicators. 

Specifically, sample surveys will provide national totals of wholesale, retail, and service trades for 
the year 1953. The Annual Survey of Manufactures for 1953 will also be carried out. Monthly estimates 
of retail sales and the labor force are being improved by increasing the number of primary sampling 
areas. The monthly wholesale series will henceforth utilize a probability sample developed for the 1953 
Annual Survey. The publication County Business Patterns is being compiled on a greatly accelerated 
time schedule covering 1953. Advance estimates of retail sales by major kinds of business employing a 
probability sample are being released on the 10th day following the month covered. A complete census 
of retail trade, using an abbreviated report form, is being taken in Dallas on a trial basis with financial 
assistance from local business. Finally, an effort is being made to improve the monthly measures of re- 
tail inventories. A number of other smaller projects are also in progress. 

While much useful data will be forthcoming it is important to note some of the purposes of complete 
censuses which cannot be achieved with the resources available. The most important omission will be 
statistics for small areas, cities, counties, etc. Similarly, detailed characteristics, fine industry break- 
downs, commodity statistics, etc., cannot be provided. The planned improvement of the samples in cur- 
rent use based on enumerations of the entire universe correctly classified must be deferred. Similariy, 
the planned coordination of Federal statistical series to achieve uniform classification is postponed until 
the complete Censuses are taken. 4 


Developments in Collection and Processing of Mass Statistical Data. Morris H. Hansen and WILLIAM 

N. Hurwirz. 

Large-scale census and survey operations offer numerous opportunities for the application of sta- 
tistical and other scientific methods. Such applications are now frequently referred to as operations re- 
search. The general aim in developing and improving methods is to produce the needed results at mini- 
mum cost, and within specified time schedules and other restrictions. It involves making the fullest 
possible use of available resources. 

Modern sampling methods make it possible to provide timely results of known precision at low 
cost through monthly, quarterly, annual, or special sample surveys of the population, retail trade, 
manufacturing, and other subjects. Also, sampling methods are applied in the major censuses to collect 
and tabulate much of the basic information at reduced cost, to produce more timely results, to check 
on the quality of the census results, and in other ways. 

Important uses of statistical methods in connection with both censuses and current work is in the 
control of quality. Quality control usually consists of a system of sample inspection and process control 
introduced to insure at low cost that the final product will meet certain quality standards. Quality check 
operations are to be distinguished from quality control. Quality checks have been introduced in situa- 
tions where it has not been feasible to control quality. They involve the use of intensive measurement 
methods on small samples, and have been used especially in evaluating the quality of the field work in 
major census operations. Not only do they guide in the proper use of the results, but they provide the 
basis for improving the design of future censuses and surveys. 

Other areas for the application of statistical methods include evaluation of alternative procedures 
through properly designed experiments, such as alternative types of questionnaires, collection processes, 
or training methods. Also, the effects of editing and other operations have been investigated and modi- 
fied or mechanical techniques substituted. Our work has indicated that much editing formerly regarded 
as necessary, can be eliminated or reduced with only a trivial effect on the accuracy of results. 

Another area for application of statistical methods is in setting standards or incentives for personnel 
performance. Very substantial production gains have been achieved simply by administrative incentives 
through performance standards set on the basis of appropriate samples of work and sample observa- 
tions of workers. 

Large scale electronic computing equipment is being applied and will have a rapidly increasing role 
in the future, as will, also mark sensing or reading methods. The introduction of such equipment, to- 
gether with sampling, quality control, techniques for measuring and controlling response errors, and 
other methods mentioned should result in substantially increasing the timeliness of major census results 
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as well as reduce their costs. The application of statistical methods in the census has been the principal 
work of a small group of versatile scientists interested in applications. They are trained in mathematica] 
statistics, survey methods, psychology, and other techniques, and are given complete authority to ask 
questions and investigate and recommend, but are kept free of operating and responsibilities. 


The Current Statistics Program of the Census Bureau. A. Ross Ecker and Conrap TarusBer, Bureay 
of the Census. 


Much of the current statistics program of the Bureau of the Census exists to serve needs not met 
by the censuses, nor by reports which are a byproduct of government administration nor by reports based 
on special-purpose collections by government or private agencies. Some surveys and sample censuses 
develop national or regional estimates for items covered in the censuses; some surveys provide essen- 
tially complete coverage for a segment of the universe covered by a census; and some current reports, 
like those on foreign trade, are based upon documents connected with government administrative pro- 
grams. Sample surveys are of major importance in meeting the needs for current data, and in relieving 
the pressure for inclusion of items in major censuses. 

With allowance for increases in basic costs, the resources for current statistics programs in the 
Census have been reduced by more than 50 percent since 1947. Although program losses have been 
numerous, efforts have been made to retain key items and to apply improved methods, such as the 
introduction of a sample of 230 primary sampling units for the current field surveys in place of the 68 
area sample used previously. The Bureau's resources for collecting and tabulating statistical data are 
used not only for carrying out the Bureau’s own program, but also in performing similar tasks for other 
governmental units and for private agencies, when proper safeguards concerning the public use of the 
results can be assured. Through the increasing use of data available from administrative records and 
through extension of services, where appropriate, to other governmental, as well as to non-govern- 
mental, agencies the Bureau of the Census may be successful in offsetting some of the losses in statistical 
information resulting from program reductions in recent years. 


Preliminary Tests and Pool Rules. T. A. Bancrort, Iowa State College. 

Certain applications in experimental design and regression analyses involving preliminary tests 
of significance can be arranged as special cases of a test of a general linear hypothesis in canonical form 
incorporating a preliminary test of significance. In order that one may have confidence in the use of 
such analyses it is necessary to investigate possible biases in estimates and the power and size of such 
complex tests. Bechhofer, using exact methods, was able to evaluate the integrals involved in the ex- 
pression for the power and size of such tests in closed form for only a few special cases of the parameters 
involved. In order that information on power and size of such tests be explicitly available, certain ap- 
proximate formulas have been developed by the author by making use of a central chi-square approxi- 
mation to the non-central chi-square distribution. Empirical studies indicate that the approximate 
formulas give usable results, in particular for important values of parameters which have been so far un- 
attainable by exact methods. Investigation of exact error bounds are in progress. 


An Extension of Preliminary Tests for Pooling Data. D. V. Hunrssencer, Iowa State College. 


Mosteller (Jour. American Stat. Assn., Vol. 43, 1948) has shown that, if X: and X: are independent 
estimates for the means y: and yu: of two normal populations with the same known variance, the “some- 
times pool” estimator for 4: based on a preliminary test of the hypothesis 4: =: is subject to large losses 
of efficiency, relative to X1, for some range of y =~: —ms. In this paper it is shown that, if T =(X:—X;) 
</n/+/2e is used for the preliminary test, the estimator W(T) =¢(7)X:+(1 —¢)(X:+2%:) /2, where 
¢(T) is a continuous function of 7, provides a marked reduction in the maximum possible loss of 
efficiency and extends the range || <C for which a gain may be realized. If ¢(7) =1 for | 7| 27 and 
¢(T) =0 for | T| <7, where Prob. (| T'| 2 Ta) =a, W(T) reduces to the estimator based on a preliminary 
test of size a. The efficiencies of W(T) and the “sometimes pool” procedure are compared for a particular 
function ¢(7). The results obtained for this example suggest that whenever a preliminary test for a 
possible pooling is indicated an estimator analogous to W(T7) will provide a substantial reduction in 
the maximum possible loss of power or efficiency of subsequent inferences. 


Simultzneous Test of Linear Hypotheses by Analysis of Variance Methods. M. N. Guosu, University 
of North Carolina. 

In the analysis of variance for survey type of data, the tests for different hypotheses corresponding 
to sets of parameters are not usually independent. A notion of quasi-independence has been developed 
in this paper which depends upon the irrelevance of extraneous parameters in the first and second 
kinds of error for the test of each of the hypotheses. In the simultaneous test of the hypotheses, 
Hi,+++H,, decisions of the type accept H: or reject H:, accept H; or reject Hs, etc., are considered and 
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the significance level of such a test is defined as the probability of rejecting at least one of the hypotheses 
Hi,+++Hs, when all of them are, as a matter of fact, true. A method has been given for simultaneous 
test at a significance level a, when the least squares estimates of the sets of parameters for different 
hypotheses are non-orthogonal. These methods are applied to analyze growth data for children espe- 
cially in relation to stage of sexual maturity and certain blood chemicals. 


Multivariate Analysis of Covariance for a Latin Square. Witt1am J. Moonan, University cf Minnesota. 


It is known that, for some problems which are appropriately evaluated by analysis of variance and 
covariance methods, the procedures of univariate analysis must be generalized to the multivariate case. 
The reasons why such generalizations are necessary have been made quite explicit by H. Hotelling (1947) 
and others. 

The multivariate analysis of variance and covariance of a 4 X4 Latin Square is derived in this paper. 
The method of derivation follows the usual least-squares approach. However, the technique is followed 
for a matrix variate instead of a single variate. In particular, the multivariate normal model is as- 
sumed, the estimation space is specified, the normal equations defined, and the estimates of the param- 
eters are made. Hypotheses on the multivariate parameters are given and the least-squares process is 
repeated to determine the sums of squares and cross-products which are appropriate for testing the 
hypotheses. A numerical example is carried through to illustrate all of the calculations necessary to 
evaluate the parameters and make tests of significance. The method of analysis is quite similar to the 
usual univariate calculations. 


Weighting Coefficients for Age-Adjusted Death Rates. Harry Samira, Jr. University of North Carolina. 


The problem of finding a descriptive mortality index for a community is reviewed. The methods for 
adjusting death rates for age are discussed in terms of the criteria for the use of each. The advantages 
and disadvantages of each are also listed. A new method of adjusting death rates for age is proposed 
when the comparison of two communities is to be made. The assumption upon which this new method 
is based is that the mortality functions of the two communities are of the same shape and separated by 
a constant differential. Any overlapping that occurs is assumed due to sampling fluctuations. The solu- 
tion is based upon the method of maximum likelihood. A comparison of the results using this new 
method with results of other methods is shown. The use of a discriminant function in determining those 
age groups most influential in discriminating between states in the past ten years is also studied as 
another possible means of calculating an over-all mortality rate. 


Some Statistical Evidence on Economies of Scale. Frepericx T. Moors, Bureau of Mines. 


Statistical evidence on economies of scale in manufacturing is scarce because of the necessity of 
compiling detailed cost studies on plants, or, on an engineering basis, computing production functions. 
In either case the procedure is tedious. Engineers have derived certain rules of thumb for evaluating the 
relationship between capital costs and capacity. One such rule is the *.6 factor” rule which states that 
the increase in capital cost is given by the increase in capacity raised to the .6 power. For example, the 
surface area of a spherical tank (which essentially measures the cost) increases as the volume of the 
tank (capacity) to the two-thirds power. The *.6 factor” has been applied both to process equipment 
and to complete plants. It is apt to fit best industries which are (a) capital intensive; (b) continuous 
flow operation; and (c) with a homogeneous standardized product. The chemical and mineral processing 
industries in general meet these criteria. 

Tests were made on samples of plants from several industries, using the formula: log E =log a 
+b log C where E =capital cost;C =annual capacity and a andb are constants. Values of b <1 indicate 
economies in capital cost and since operating costs tend to behave in the same fashion, this also indi- 
cates economies in scale. In the tests the following values for 6 were obtained: alumina .95; aluminum 
reduction .93; aluminum rolling .88; aluminum extrusions 1.0; cement .77; tonnage oxygen .63. Tests 
were also made for individual processes in these industries. A separate study of the production function 
in petroleum pipelines indicated economies of scale up to approximately 200,000 barrels of throughput 
per day and constant returns for larger throughputs. 

It was suggested that a simplified method for evaluating economies of scale can be visualized in 
three steps: (1) extensive engineering information is available showing the cost of process equipment 
relative to some engineering magnitude (e.g., square feet of heating surface); (2) the engineering mag- 
nitude can be related to capacity by an appropriate formula (e.g., the capacity of a tank can be related 
to its diameter); therefore (3) by combining steps (1) and (2) above, cost can be related to capacity. 
This method can be applied to process equipment and the processes combined to show a complete plant. 
Since the method may be used for a sample as small as two, it appears to offer a simplified approach to 
evaluating economies of scale 
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Stability of Technical Coefficients: Evidence from Inter-Plant Differences in Labor and Materials 
Productivity. A. Paruurps. 


Technical coefficients for Leontief matrices appear to be quite stable through time. This may arise 
from two distinct conditions. First, there may be a relatively stable industry technology which causes 
each plant to have approximately the same coefficient. Random influences affect the plant coefficients 
but tend to offset each other, resulting in stable aggregate industry coefficients through time. On the 
other hand, industry coefficients may be stable even with very different plant coefficients so long as the 
plant coefficients are themselves quite stable and the plants produce consistent shares of the total 
industry output. 

Evidence from one industry shows the latter to be the case. Little central tendency of plant coeffi- 
cients is found. But each plant tends to have the same inputs of labor and materials per unit output each 
year and produce the same relative share of industry output. Differences among plant coefficients appear 
related to other factors such as principal product type, integration and kind of material consumed, 
though most differences cannot be explained with available information. Since each plant may have its 
own technology which is properly part of the industry, technology is not ruled out as the cause of 
stability, though one fairly unique and stable industry technology does not appear to be the cause. 


Adequacy of International Trade Statistics for Economic and Business Analysis. J. Epwarp Ety. 


There are important conflicts between the various users of international trade statistics as to what 
the statistics should and can do. These conflicts have been resolved in different ways in different coun- 
tries with the result that countries follow widely varying definitions and practices in compiling their 
foreign trade statistics. It follows from this that what may appear from the comparison of the statistics 
of trading partners to be errors in the statistics, are frequently differences caused by differences in defi- 
nitions. 

International trade statistics face a unique problem in the fact that, in contrast to all other types of 
statistics, more than one sovereign country compiles detailed information on the same phenomenon, in 
this case the movement of goods from one country to another. The detailed figures presented by a coun- 
try in regard to its foreign trade are, therefore, subject to searching comparison with similar detailed 
figures released by another country on the same transactions. Adequate trade statistics for such multiple- 
country use will face major conflicts of interest with domestic uses. Since many of these and other 
conflicts may turn out to be irreconcilable it may be that there will have to be a substantial increase in 
the use of dual compilation procedures designed to fulfill conflicting needs for information. 


Accuracy of Foreign Trade Statistics. Oscar MORGENSTERN. 


Accuracy of Foreign Trade Statistics can be estimated by comparing records for the same transac- 
tion by exporting and importing countries. This reveals for all periods very large differences in pairwise 
trade both for values and quantities. Difficulties in classification of commodities, transportation costs, 
tariffs can explain only part of these differences. Even if successfully enumerated, the various factors 
work jointly upon the final number record and their contributions are not known individually at each 
instant. Hence substantial corrections are not feasible. An exhaustive enumeration of factors does not 
make foreign trade data, when they have the properties listed by these factors, suitable for a fine- 
structured theory of international trade using such concepts as terms of trade or for monthly com- 
parisons with exchange rates, interest rates, etc. 

The most striking example is offered by gold, a clearly defined, easily recognizable commodity ,of 
high value relative to quantity, costs of shipment and usually accorded exceptional care in handling. 
Yet statistics of gold movement, pairwise compared, reveal disastrous differences whether 1900, 1907 or 
1928, 1935 are taken as samples. This holds true for monthly as well as cumulative yearly data. 

There appears to be little hope ever to reconstruct series for the past on gold useful for most pur- 
poses of economic theory. Present information can only be correlated with the discussion of broad tend- 
encies in economic life. The same is true, a fortiori, for the far more involved statistics of other com- 
modities and the large categories into which they are put. These sober facts should lead to the estab- 
lishment of a program for future data on foreign trade with known errors, perhaps on a sampling base. 


On Respondent-Nonrespondent Differences Observed in the Pittsburgh Morbidity Surveys. Danie. 
G. Horvirz, North Carolina State College. 


In morbidity surveys in particular, and other surveys as well, it is not uncommon to find a field 
procedure in use which permits the interviewer to obtain information required on all members of each 
selected household from any responsible member who happens to be available at the time of the call. The 
efficiency of this procedure is open to question whenever the information supplied by the respondents 
on the other individuals (nonrespondents) is inaccurate. 
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In the absence of an opportunity to measure the response bias directly, data collected on illnesses 
experienced in the month prior to interview in two surveys (carried out a year apart with a probability 
sample of approximately 3000 households located in the Arsenal Health District of Pittsburgh) were 
subjected to internal study in an attempt to characterize the rather large differences in the rates ob- 
served for respondents and nonrespondents. The data were examined first to determine the relationship, 
if any, of these differences to age, sex and size of household. Almost in general the data yielded no indi- 
cation of a relationship between the observed respondent-nonrespondent differences and these variables 
whether for all illness or specific categories of illness. There was slight evidence of a greater respondent- 
nonrespondent difference (i) for males than females for noninfectious conditions and (ii) for those in the 
15-34 year age group versus older age groups for all types of illness. This latter observation was ac- 
counted for by a strong relationship between respondent-nonr dent differences and age for female 
conditions associated with pregnancy and childbirth. fe these conditions the respondent-nonre- 

spondent differences can be considered actual rather than due to any reporting bias. The respondent- 
nonrespondent prevalence rate differences observed for the specific chronic conditions of arthritis and 
heart disease also were found to be unrelated to age, sex and size of household. 

Examination of the respondent-nonrespondent differences for illnesses still in progress on the date 
of interview versus those which had already ended indicated that a reasonable portion of the total dif- 
ference may be an actual fact. This observation together with the consistency of the differences with 
age, sex and size of household requires further verification from morbidity studies conducted else- 
where. They also require (pending substantiation) investigation of the feasibility of a scheme for 
morbidity surveys whereby in a relatively small random segment of the sample households the respond- 
ent is selected at random from those eligible. The respond nonrespondent differences in these house- 
holds should provide an estimate of the reporting bias portion of the differences observed in the re- 
maining households. This suggestion presumes that the actual and bias portions of the differences do not 
vary in a compensating fashion to yield total differences unrelated to age, sex and size of household 
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Questionnaire Design and Related Methodological Problems in the Canadian Sickness Survey. 
Rosert Koun, Dominion Bureau of Statistics, Ottawa. 


Problems of design are somewhat different for questionnaires and schedules, although many re- 
quirements apply to both. The basic document in the Canadian Sickness Survey was an interview 
schedule. Principles of design are discussed in three main categories: 1. contents, 2. wording, and 3. 
layout and format. The solution for particular problems will always depend on the type of informant and 
enumerator to whom the questions are directed. 

The contents are dictated by the objective of the Survey and the tabulation program. They should 
be kept to the minimum required. If after the beginning of the survey the need arises to add supple- 
mentary questions, these should not be allowed to jeopardize the original ones and enumerators should 
be fully informed regarding their purpose and meaning. The wording must be such as to elicit the same 
answer in the same situation from a variety of people. It must be adapted to those of the prospective 
informants and enumerators who know and understand least about the survey. It must be easily under- 
standable and yet concise. Instructions must also be drafted with great care and some machinery must 
be provided for prompt and uniform explanation and supplementation of the instructions if required 
during the survey. Layout and format must be such as to facilitate interviewing, recording, checking, 
editing, and coding. Pretesting of schedules will reveal shortcomings before the actual survey gets under 
way. Qualification and training of enumerators are important and so are methods to solicit and maintain 
the co-operation of the informants. 


The Future of Railroad Shares. Pierre R. Bretey, Heyden Stone & Co. 


During the past decade the rails have suffered from three major factors: (1) Delays by regulatory 
authorities in adjusting freight and passenger rates to higher costs, particularly following sizable wage 
increases. There have been many such delays since World War II. However, the “adjustment lag period” 
has consistently been reduced over recent years, and may be almost entirely eliminated through passage 
of legislation. (2) The inflexibility of a large percentage of railroad costs, with the result that historically 
earnings have declined sharply when gross revenues contracted. Notwithstanding this inflexibility, a 
number of railroads had achieved a flexible cost position before the roll-over adjustment of 1949 and 
demonstrated better expense controls than exhibited by many industries. (3) A lowered institutional ap- 
praisal resulting from the collapse in railroad earnings and in railroad equities both in 1929-1932, and 
again in 1938, collapses not duplicated since those two periods. Today most investment railroad equities 
are selling at from only four to five times estimated 1953 earnings, and railroad managements agree 
that individual properties are in the best physical condition in their history and that operating effi- 
ciency of most railroads has been restored following the rapid increase in costs immediately following 
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the end of World War II. They are now entitled to be regarded as akin to many other industries sensi- 
tively dependent upon the strengthened ability of individual managements in adjusting to changing 
conditions. I confidently expect that budgetary controls, maintenance cutbacks and more efficient 
operations resulting from cumulative benefits of some $9 billion of capital expenditures made since V-J 
Day, will maintain 1954 earnings of the Class I railroads at between $600 and $700 million. We are 
confident that after the lapse of fifteen years or more, institutional investors will once again reenter the 
railroad market. If this demand does make its appearance, it may well serve to spark another major 
market leg in the long road toward ultimate restoration of railroad credit to its once former high estate 


The Changing Stock Market. Sipnzy Luriz, Paine, Webber, Jackson & Curtis. 


There are a number of inter-related factors which have an important bearing on the outlook for 
our economy and, in turn, the stock market: (1) The population growth already experienced and still 
in prospect is opening up new markets for American industry—for the gains are in the ranks of the con- 
sumer rather than producer. (2) The redistribution of our national income, with the greatest increase 
being in that segment which proportionately spends the most, injects a new stabilizing force. (3) 
America’s inventive genius in developing new products which open up new markets has spelled profits 
for the investor as well as manufacturer. While these considerations give rise to an era which historians 
may term “The Fabulous Fifties,” two other factors have created an enigma for the security buyer: 
(A) Although common stocks today are more respectable than ever before in Wall Street history, the 
public has lost sight of the fact that the rewards always go to the risk-taker. The security buying public 
has forgotten there is nothing illegal, immoral or fattening to speculation—that there is little basic dif- 
ference between intelligent speculation and intelligent investment. (B) The big financial news of the post- 
war years is the creation of a new class of security buyer: the indirect investor. The growth of pension 
funds and investment trusts has resulted in an “institutionalized” stock market. The foregoing intro- 
duces a new element of stability to the price level—but it also means that: (1) The dominant buying 
interest is confined to a relatively small portion of the available issues (2) A disparity in values has 
been created which eventually must be corrected. If the interest of the security buying public can be 
revived everyone will benefit—industry as well as the investor. The broader the demand, the more 
likely all stocks will reflect their basic values. An active stock market is synonymous with a vigorous 
economy. 


‘rends in Monetary Structures in 1954. M. Durron Morenovuse, Brown Bros., Harriman & Co. 


In the nonbank long-term market, the supply of funds could well exceed the private demand by 
some $4 billion. In the short-term bank market the supply of funds will be governed by Federal Reserve 
policy, but there should be a negative net private demand of some $2} billion. The Treasury should be 
able, therefore, to achieve measurable progress in extending the maturity of the national debt without 
running the risk of upsetting the market. The Federal Government might show a surplus of receipts 
over expenditures in the first half of 1954 in the magnitude of $7 billion and a deficit of $10 billion in 
the second half, or a net deficit for the calendar year of $3 billion. Administration efforts to reduce ex- 
penses might well result in a smaller deficit. 

The decline in private demand for bank credit must be replaced by Government credit to avoid the 
deflationary pressure of a decrease in money supply. It is evident, therefore, that the bank market not 
only can but should absorb an amount of Government securities equivalent to the estimated deficit for 
the calendar year 1954. For the first time in many years the Treasury will find a market receptive to the 
offering of long bonds, and yet monetary policy appears to dictate the placing of a substantial amount 
of additional Treasury securities within the banking system. A ready market should be found within 
the banking system for intermediate maturities at yields equivalent to or somewhat lower than those 
prevailing today. Throughout the year the money market will be one in which a surplus supply of 
private funds seeking investment will be pushing towards lower yields. Frequent Treasury offerings 
will be designed to absorb these surplus funds as they accrue and thus prevent yields from changing sub- 
stantially. Nevertheless, higher prices and lower yields are expected to prevail a year from now. 


Monopoly, Bigness, and Progress. G. Warren Nutter, Yale University. 


It has been often and widely argued that monopoly and big business are not only an inevitable 
consequence but also a necessary stimulant of economic progress. There is an element of truth in this 
proposition, but it emerges only after the argument has been severely qualified. In the first place, active 
competition can and does persist in industries characterized by continual growth and innovation 
Moreover, for the economy as a whole competition has scarcely diminished in vigor or extent in the 
face of the rapid and continual growth over the last half century; if anything, it has increased. In the 
second place, friction, in the form of delayed reactions to the lure of high profits, is the condition 
needed to induce innovations; and there is enough friction in most competitive industries to call forth 
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a constant stream of new products and technological improvements. Some of the outstanding new 
products of recent decades, like the automobile and radio, were introduced into competitive surround- 
ings. Monopoly makes possible, though it does not ensure, extraordinary friction; and therefore it 
increases the likelihood that risky and costly innovations will be made. Large size combined with 
monopoly, a combination that is not inevitable, encourages the most risky and costly innovations. We 
now know very little quantitatively about the respective roles of competition, monopoly, and big busi- 
ness as promoters of economic progress. If discussion is to lead to intelligent changes in public policy, 
we must improve our understanding of these roles together with our understanding of how organiza- 
tional forms affect other important values of our democratic and libertarian tradition. 


Validation of Morbidity Survey Data by Comparison with Medical Records. Nzpra B. Bezoc, Cali- 
fornia State Department of Public Health. 

A household sample survey of morbidity in the general population was conducted in San Jose by 
the California Department of Public Health in the spring of 1952. The survey was designed to test 
several methods of measuring morbidity and to study the completeness and accuracy of the information 
obtained. For validation purposes, medical records were collected from a number of sources. With re- 
spect to hospitalized illness, it was possible to study the net error in reporting. Admission rates based 
on household survey reports did not differ significantly from those based on hospital records for the 
same population. Similarly, days of hospitalization per person per year and average length of stay per 
period of hospitalization were measured accurately from household survey data. Distributions of ad- 
missions fromm household survey reports of hospitalization by month of admission, length of stay, and 
diagnosis were similar to the distributions obtained from hospital records. Whether or not surgery was 
performed was reported accurately in the household survey, but the description of the surgical procedure 
was not as precise as that obtained from hospital records. This study shows that reports of hospitaliza- 
tion obtained in a household sample survey are sufficiently accurate to be used for many purposes in 
lieu of hospital record data. 


Hospital Morbidity Reporting—Experiences and Findings of a Pilot Project. I. Methodological Experi- 
ences. Cart L. Ersarpr, New York City Department of Health. 

The Hospital Morbidity Reporting Project had two major aims: to test a method for collecting 
and tabulating data regarding patients discharged from hospitals in the city, and to analyze a meaning- 
ful body of the data collected. Both general and special hospitals, operated under municipal and other 
auspices, participated. Data covering the complete hospital system operated by the city are available 
for analysis. Reports submitted for each patient discharged during the project period included the 
usual demographic descriptions plus medical diagnoses, data on operative interventions and length of 
hospital stay. The facts, including diagnostic and operative data, were reported in code or in self-coding 
form, eliminating the usual expensive central processing step. The reported diagnostic code (Standard 
Nomenclature of Diseases and Operations) was mechanically translated into a statistical grouping of 
diagnoses (International Statistical Classification of Diseases, Injuries and Causes of Death) for analysis. 
The punching of digits of the Standard Nomenclature code was limited to those necessary for ISC classi- 
fication. A condensation of the ISC was also designed for summary tabulation of hospital diagnoses 
significant in frequency in the New York City area. The methodological experiences and analytic pro- 
cedures of this pilot project provide necessary background on which to base plans for routine collection 
of hospital morbidity data in New York City. 


Hospital Morbidity Reporting—Experiences and Findings of a Pilot Project. II. Significance of Findings. 

Marta FrRAENKEL. New York City Department of Hospitals. 

Medical diagnoses together with demographic data on hospital patients can contribute to morbidity 
statistics needed by public health administration. In conjunction with information on duration and 
outcome of hospital care, these morbidity data have significance for hospital administration and medical 
care planning. To date, most hospital statistics cover all patients disregarding their diagnoses. The 
analyses of the Project data showed that the composition of the patient load by age and diagnosis of 14 
municipal general hospitals differed substantially. These differences explain many deviations in the data 
on “average length of stay,” “net death rate,” etc. if computed in the traditional unspecific way. 
It is shown how disease-specific data would permit more meaningful evaluation of hospital services and 
provide more useful bases for estimating personnel needs. Project data supplied disease-specific informa- 
tion on chronic illness. Many chronic disease patients stay only shortly in general hospitals. Short-stay 
hospitalizations—for special diagnostic, therapeutic or rehabilitative measures or for care during acute 
exacerbations—are elements of a long-term medical regime of many of these patients. Community-wide 
organization of integrated medical programs for chronic illness requires current disease-specific informa- 
tion on hospital care to these patients. 
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Statistical Determination of Tolerances in Rocket Development. Epwin L. Crow, U.S. Naval Ordnance 
Test Station. 


The paper considers the problem of determining the tolerances necessary for the components of a 
rocket in order that it have a prescribed dispersion. The establishment of the relation between departure 
from nominal construction and the resulting deviation of the rocket from the ideal trajectory is the 
main concern of this study, but two other requirements and their utilization are also discussed briefly: 
the probability distribution of the departures under manufacture within any given tolerances, and the 
relation between any particular tolerance and the cost of attaining it. To determine with satisfactory 
precision the relation between the deviation in trajectory and departure in construction of a particular 
rocket, an unusually large departure was purposely introduced into 50 rockets, which were then fired 
along with a control group. Firing was repeated with the departure doubled, and several types of de- 
parture were considered. In general the departure affected not only the mean coordinate of the trajec- 
tory but also the variances. A maximum likelihood estimate of the magnitude of the deviation was not 
practically attainable. An unbiased estimate of the mean square deviation was obtained by the method 
of moments, and its variance derived and investigated for various cases. 


The Up-and-Down Method with Small Samples. J. L. Hopes, Jr., University of California (Berkeley) 


The main content of this paper is a report on computations made to determine the actual per- 
formance of some estimates for the mean dosage parameter », based on up-and-down series of length 10 
or less. It is found that the Dixon-Mood formula for the asymptotic variance is reasonably reliable even 
in samples as small as 5 to 10. Thus, restriction (b) is not necessary. As a consequence of this fact, the 
design of up-and-down experiments may he altered, so that several independent series are run simul- 
taneously, without serious loss of accuracy. In this way, restriction (a) can be considerably reduced. 
Finally, the possibility of conducting an experiment with several short series run in parallel introduces 
a flexibility into the design, which permits us to take advantage of special features of some experimental 
situations with a still further increase in efficiency. 


Use of Statistics in Engineering in France. Anpré G. Laurent, University of Chicago. 


In France, statistical applications in engineering are chiefly concerned with quality control with 
stress on: a) teaching, evidenced by creation of a training center in statistical methods for engineers at 
the University of Paris; b) publications, evidenced by books by Dumas, Laurent, Mothes, and a 
periodical, Revue de Statistique Appliquée, c) applications to industry, evidenced by applications in min- 
ing, mechanical, metallurgical, and textile industries. Difficulties arise from lack of financial support, 
poor reputation of statistics among industrialists, and the gap between theory and practice. Further de- 
velopments may be expected along several directions: a) widening the fields of application; b) shifts 
of emphasis to descriptive and praxeological aspects as well as upon inference; c) more widespread use 
of available but little applied methods. 


An Example of a Fractional Replication in a Bearing Abrasive Wear Test. F. R. Det Priore and 
Wiiuram J. Kommers. 


The purpose of this study was to develop an accelerated test for determining the relative wear re- 
sistances of plastic bearing materials. First it was necessary to find the effect of the test conditions on 
bearing wear. Physical considerations and limitations played the usual important role in the testing 
schedule. Six variables, each at two levels were investigated as a quarter-fractional. Three bearing ma- 
terials were tested as split plots. The details in setting up the test plan are given as well as the analysis 
of the data. Following the analysis of the first quarter-replicate, it was considered that adequate results 
were obtained to obviate the testing of additional quarters. A special bench testing machine was de- 
signed and built on the basis of this work. #ixed test conditions were selected that produced the maxi- 
mum differentiation between the wear resistances of the materials in a given period of time. The ma- 
chine makes it possible to evaluate bearing materials in a matter of hours instead of the former month- 
long simulated service test procedures. 


Gasoline Mileage in Winter Day-to-Day Use. Davin Frazrer and Ray Decker. 


Research executives of a petroleum company suggested that mileages of motor gasolines in northern 
winter “home to work” driving might differ importantly because of differences in starting losses, or in 
warm-up and misfiring characteristics. Such differences, if they really existed and were of important size, 
might suggest how the company could gain a competitive advantage. Therefore mileages of 15 gasolines, 
7 commercial and 8 experimental, were compared in a complex statistical experiment on 15 employee 
owned and driven cars during the winter driving season. Each car in the course of the experiment ran 
7 of the 15 gasolines each for one week, the gasolines being aesigned to cars according to a statistical 
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plan called a “15 by 7 Youden square.” All cars were driven normally, and gasoline consumption re- 
corded for each gasoline on each car was the difference between gasoline added and gasoline drained at 
the end of the week. 

When the experiment was complete statistical analysis, which eliminated all inherent “car to car” 
differences in gasoline mileage and much of the “week to week” variation within each car, revealed no 
significant differences among the gasolines. Further, the 8 experimental gasolines were so compounded 
that they constituted a 23 factorial which, when analyzed, showed with improved power that variation 
of vapor pressure, olefin content, or polyolefin content within reasonable limits had no significant etfects 
on winter gasoline mileage. Inspection of results showed that real differences among the gasolines large 
enough to be important commercially would almost certainly have been reported as significant in this 
experiment, and therefore it was concluded that gasoline composition within reasonable limits has no 
commercially important effect on winter gasoline mileage. 


Operations Research as a Science. Joun B. Laturop, Arthur D. Little, Inc., Cambridge, Mass. 


During the last few years, the term “operations research” has been applied to a growing body of 
investigative activity, directed at problems of decision and management in many areas of business, 
industry, and government. It has been described as the application of the scientific method in new 
areas of decision, with the broadening of the range of such application of such magnitude as to require 
the appellation of a new branch of science. Operations research is certainly closely related to other 
fields of science and engineering, such as systems engineering, industrial engineering, market research, 
etc., and is often concerned with problems of interest to statisticians. These relationships can be illus- 
trated by pointing out some of the general characteristics typical of operations research, and the role 
played by statistics in some examples. 

As in science, the primary objective of operations research is to understand, not to act. When an 
operation is understood, the action required to improve the process is often fairly evident. The scientific 
method, by a combination of quantitative hypothesis, observation, and controlled experiment provides 
this understanding by means of relatively simple models to describe complex situations. Rather than 
reasoning from the facts to the mechanism, as in some forms of statistical analysis, the operations re- 
search scientist sets up assumed models in order to deduce phenomena to check against observed facts. 
An excellent and well known example of this method was Newton’s explanation of the apparently un- 
related phenomena of planetary motion and objects falling on the earth, by the simple unifying concept 
of gravity. In a study to reveal the causes of corrosion in paper mill equipment, the number of possible 
factors—chemical, physical and metallurgical—was very large, as was the amount of observed data 
from what amounted to an uncontrolled experiment. Although variance analysis was useful in de- 
termining the relative importance of various classifications of corrosion, statistical analysis alone would 
reveal no causes. It was necessary to develop a model of corrosion from first principles, using the physical 
sciences, in order to obtain a useful understanding of the situation. 

Other models have revealed the relationships between sales promotion effort and sales, between 
production schedules and production costs, between warehouse stocking procedures and service to 
customers, between salesmen’s compensation plans and profits, and so on. In some, statistical methods 
played an important part, in others no part at all. Information theory, queuing theory, servomechanism 
theory, symbolic logic or simple punched card reproductions of an operation have all provided the basis 
for operations research models. To summarize, operations research is a branch of scientific research 
concerned more with reaching an understanding of an operation than with the relations among the 
numbers describing the operation. 


Effect of Current Operating Experience on the Realization of Investment Plans. Jean BRONFENBREN- 

NER CROCKETT. 

Comparison of the planned with the actual fixed capital outlays of manufacturing firms, as re- 
ported to the Department of Commerce and the Securities and Exchange Commiasion, has indicated 
that individual firms’ deviations from annual investment programs are subject te large variance. The 
hypothesis is tested that some significant part of the variance can be explained by concurrent fluctua- 
tions in the sales, profits, and liquidity of the investing firms. These variables may influence investment 
decisions either by affecting the expected return from proposed investment (in the first two cases) or 
by affecting the ability to finance desired expenditures (in the third case). The data studied cover about 
400 firms in the mild recession year of 1949. Information on actual and anticipated investment and 
sales was supplemented by income and balance sheet data reiating to profits and liquidity. 

The extent and nature of the effect on investment decisions of the explanatory variables may be 
expected to depend on whether the proposed investment is primarily for expansion or primarily for 
modernization. Direct information was not available, but a rough attempt was made to separate firms 
which might be, from those which probably were not, interested in expansionary investment. For the 
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first group, deviations from investment programs were found to be correlated positively and very sig- 
nificantly with deviations of actual from anticipated sales, while for the second group the effect of sales 
deviations was not significant. 

Changes in profit rates, as compared with the previous year, were also found to have a significant 
effect on the investment deviations of “expansionary” firms, but this was less marked than the influence 
of sales deviations and impossible to separate from it because of high correlation between the two 
explanatory variables. For the “non-expansionary” group, the effect of profit movements was not sig- 
nificant, and (except for cases of very large profit declines) the relationship appeared to be negative, 
possibly indicating a tendency for modernization expenditures to vary inversely with profit movements 
arising from changes in labor and materials costs. The effect of changes in liquidity on investment devia- 
tions is difficult to ascertain. However, in those cases where the observed liquidity movement is clearly 
something more than a result of the deviation from investment program, it appears to be a significant 
factor in motivating the deviation. 


Expectations, Plans and Capital Expenditures: A Synthesis of Ex Post and Ex Ante Data. Rozsrrr 
Ersner, Northwestern University. 


Ez ante and ez post data relating to sales and capacity changes, profits, capital expenditures and 
other variables have been derived from replies in McGraw-Hill questionnaire surveys and from inde- 
pendently obtained corporate balance sheet and income statement information. Analysis is focussed on 
the determinants of investment and, in particular, on evidence of operation of the acceleration prin- 
ciple. An “acceleration component” of investment is isolated and observed. Ite absolute magnitude is 
found to be positively related to both current and lagged actual changes in sales and to expected changes 
in sales. And a larger “acceleration component” is associated with a larger total of investment. This 
evidence seems to fit well assumptions of recent economic theory of Hicks and Harrod which suggests 
@ great significance for even a multilagged and quantitatively limited role of the acceleration principle. 
Investment is also found to be positively related to the rate of profit. 

Expectations of sales increases are related to very great or long-term growth, but current sales 
changes are generally related negatively or not at all to expectations of immediately future changes. 
The directions of expected changes, but not their magnitude, can be matched to corresponding actual 
changes in sales. Discrepancies between planned and realized investment are found to be a decreasing 
function of size of firm, with very large firms appearing slower to adjust in a period of rising expendi- 
tures. Sales changes different from those expected, particularly in the case of firms expecting increases, 
are found to be a factor in the difference between investment plans and realizations. 


Teaching Statistics to Executives. W. ALLEN WALLIS. 


My discussion is based on experience in teaching statistics in the Executive Program at the School 
of Business at the University of Chicago. The Program’s students are experienced executives. The ob- 
jectives of the course are to teach: (1) avoidance of common logical mistakes in reasoning from data; 
(2) techniques for organizing numerical data into comprehensible form; (3) appreciation of the problems 
of allowing for chance and for unanticipated effects in designing investigations and in drawing conclu- 
sions from them; (4) a few rough-and-ready methods of analysis; (5) an appreciation of the potential 
uses of sampling; (6) recognition of a statistical problem when encountered; and (7) respect for the in- 
tellectual discipline underlying modern statistics. 

Although the course operates mainly through lectures, the atmosphere is informal; class members 
raise questions and make many contributions, and time is left for post-lecture discussion. Numerous 
realistic examples are used, not only from business but from other fields. While we try to bring out the 
general principle illustrated by an example, a systematic exposition of statistical principles would have 
fairly low priority. What the students want, and what we are trying to give them, is something which 
will enable them to understand and generalize the experiences they have had so they may better cope 
with the broader experiences they expect to have. An important teaching device is the term paper. The 
students submit written descriptions of a statistical problem (preferably connected with their own 
business) and of the methods they propose to use for attacking it. This is returned to them with com- 
ments and suggestions, and must be approved by about the middle of the term. The final papers, sub- 
mitted at the end of the term, are read carefully, and many students receive letters from the instructor 
commenting on them in detail. A statistics graduate student attends the lectures and writes detailed 
notes for distribution not later than the next class meeting. Regular textbooks are also used, and some 
exercises and quizzes are given. 

We have come to feel that the kind of course developed for the Executive Program is more suitable 
on the campus than the kind of introductory course traditionally given. Consequently the courses in 
the Business School and in various other departments are being unified along the lines developed in 
the Executive Program. 
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Intercensal Needs for Small Area Data—By a Local Planning Agency. Harun G. Loomer, Philadelphia 

City Planning Commission. 

The statistical information that is needed by a local planning agency during the intercensal periods 
may be divided into two classes: that which is available or can be developed from local sources, and that 
which requires the special resources and authorities of a federal agency for collection and development. 
The former should be fully exploited before federal agencies are called upon for assistance. In the 
present situation of curtailed budgets, federal agencies should not undertake a multiplicity of new field 
survey projects, even on a sample basis, but should concentrate on fully exploiting and coordinating 
material that already is being collected by several such agencies. If all of the usual complete enumera- 
tions of the Census and all of the continuous records that are now being maintained by such agencies as 
B.L.S., Federal Reserve Bank, Old Age Assistance, etc. were properly brought together and integrated, 
there would be sufficient indices to indicate the trends from one decade to the next. Federal-local co- 
operative research should be further developed, possibly through the expansion of the facilities of 
regional or local branch offices of the federal agencies. Trained and experienced personnel from these 
offices could render valuable service in planning and directing local research. As a permanent continuing 
agency, these offices could bridge the gaps between intermittent or one-time surveys by local agencies 
and coordinate all into a comprehensive whole for the area. The authority and reputation of a federal 
agency (such as the Census) is needed to assure the success of some types of studies. Costs should be 
shared by participating agencies. Uniform sample surveys are of little value to local planners. Either 
the sample is too small to indicate purely local trends or the procedure is too standardized to meet spe- 
cific local needs. A highly flexible cooperative arrangement would best serve the needs of local planning 
agencies. 


Business Uses of Intercensal Data. W. R. Smamons. 


Excepting local establishments, it is safe to venture that there are few business firms which do not 
make many vital planning and operational decisions based directly or indirectly on the findings of the 
Census. Generally taken for granted, like the mail and telephone service, Census reports become con- 
spicuous only when and if they are absent. Not the least of the considerable American economic progress 
has been due to more intelligent planning based on sound factual information, to which Census reports 
are indispensable. In establishing plant and store locations, in developing local, regional, and national 
sales potentials, in defining sales territories, in analyzing problems of distribution, in evaluating sales 
performance and in deciding where, when and how to improve future performance, this type of informa- 
tion becomes crucial. Any substantial reduction in this service, in the commendable interest of economy, 
must run the risk of impairing the efficiency of our entire economy. 


Meeting the Needs for Small Area Intercensal Data. Conrap TaruBER. 


The major method of meeting n*eds for intercensal data for small areas from Federal sources is 
through Special Censuses conducted at the request and expense of local areas. Nearly 200 such Censuses 
have already been conducted since 1950, primarily for the purpose of establishing base figures for the 
allotment of tax funds. Although considerable interest in a quinquennial census of population about 
1955 has been expressed, the prospects for it do not seem bright because of the costs. Estimates of popu- 
lation change since the last census and projections into the future are prepared locally by many cities 
and counties. The Census Bureau has issued a report suggesting methods of estimating current popula- 
tions of small areas. School censuses are wel! established. but generally are not conducted in a manner 
to provide general purpose statistics. They represent a major resource for local area data which needs 
further development. There is need also for further research into the utility of the wide variety of local 
sources which could be used as indicators of population change in individual localities. 


Industrial Production Index. CLayron Greaman, Lorman TruesLoop, Artuur L. Broma, M. H. 
Scuwarrtz, Mruton Moss, Perer M. Copy, Federal Reserve Board. 


The Board of Governors of the Federal Reserve System on December 18 released the basic postwar 
revision of the index of industrial production. The more obvious major features of the revision are an 
up-dating of the comparison base period from 1935-39 to 1947-49 and a change to the Standard Indus- 
trial Classification from the prewar Census classification system. More substantive features relate to 
the up-dating of the weight year from 1937 to 1947, enlargement of the number of monthly series from 
100 to 175, substantial improvement of many old series, the development of independent annual indexes 
to which the monthly indexes are adjusted, and new seasonal factors for all major groups. 

The revision so far applies mainly to the period from 1947 to date. For the earlier period the Board 
has adjusted its old manufacturing output indexes for the years 1939-1947 to the comprehensive 
benchmark changes developed by a joint Census-Federal Reserve project, and has linked the old to the 
new in January 1939 for the period back toe 1919. Similar benchmarks and links were made for minerals 
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These interim revisions have been done at the level of the major divisions of the index in order to facili- 
tate comparisons with the more recent period. In a general way, changes in industrial activity since 
1947 are shown to be similar by both the new and the old total indexes. In the first half of this year, 
both indexes indicate that activity was at a record level for the postwar period, about one-eighth above 
a year ago. Both show that since midyear, output has been reduced fairly generally. For October, the 
new index was about 4 per cent below the highs which it established in May and July; the old index 
was down about 5 per cent from its peak reached in March. Both indexes show that industrial produc- 
tion in October was at about the same level as a year earlier. 


Demonstration Teaching of Statistics. R. E. WAGENHALS. 


You can interest people in the use of statistical quality control without the use of mathematics by 
dramatic factual demonstrations. With the use of a series of demonstration devices, people can be 
shown how ineffective 100% inspection and 10% sampling may be as compared to scientific or statistical 
sampling. The repeated winner of a modified game of dice demonstrates he is not lucky but is just using 
control chart principles. A small pin ball machine demonstrates how a control chart and the normal dis- 
tribution is related. The advantage of having quality controlled products is demonstrated by five dif- 
ferent colored groups of twenty tubes to show how assembly tolerances can be reduced. These devices 
are demonstrated and the source of information regarding their construction will be available. 


Use of Experiments in Engineering Statistics. Invinec W. Burr, Purdue University. 


The paper presents convenient populations for measurements and binomial and Poisson distribu- 
tions. Then experiments to illustrate the following are discussed: sample frequency distribution, control 
charts, significance tests, estimation, analysis of variance, statistics of combinations, acceptance 
sampling, sequential analysis, linear correlation, and curve-fitting. A simple method of simulating a 
normal bivariate population is presented. 


Using the Experimental Approach in the Teaching of Statistics. Enwin G. Oxps, Carnegie Institute o, 

Technology. 

After a brief discussion of types of experiments which might be used, the paper discusses the value 
of the experimental approach in connection with lectures by the instructor and laboratory work by the 
student. The importance of using adequate time for orientation is emphasized. The paper closes with 
a proposal that the opinions stated be put to test by means of a designed experiment. 


Problems in Experimenting with the Application of Statistical Techniques in Auditing. Joun Neren, 

Syracuse University. 

Sampling is used extensively in auditing. Before any attempts to experiment with the use of sta- 
tistical techniques in auditing can be made, one must formulate the purpose of sampling in auditing in 
such terms that statistical models can be constructed either for the problem as a whole or for definite 
parts of it. Once this has been done, the relative merits of various statistical models can then be investi- 
gated. One basic approach to the purpose of sampling in auditing would be to ascertain whether the fig- 
ures in the financial statements are reasonably close to the figures which would be obtained if a complete 
examination of all transactions and records, including any necessary corrections, were made. Another 
approach would place emphasis upon an examination of the basic company accounting policies and of the 
effectiveness of the internal control process in assuring the accurate recording of transactions in ac- 
cordance with these policies. Still another approach would encompass both of these points of view 
Once the purpose of sampling in auditing has been suitably formulated, problems such as the determina- 
tion of the alternative decisions from which a choice is to be made, the criteria according to which 
the appropriate decision is to be chosen, the relevant statistical model for the population under study, 
and the most appropriate sampling procedure can be studied and appropriate experiments conducted 
to determine the suitability of various statistical approaches. 


A Single-Sample Multiple Decision Procedure for Ranking Means of Normal Populations with Known 

Variances. Rozert Becuuorer, Cornell University. 

A Two-Sample Multiple Decision Procedure for Ranking Means of Normal Populations with a Common 

Unknown Variance. Coartes W. Dunnett, Lederle Laboratories. 

A Sequential Multiple Decision Procedure for Ranking Means of Normal Populations with Known 

Variances. Mitton SoseEt, Cornell University. 

A multiple decision approach is considered to the problem of partially or completely ranking a given 
set of population means. The particular goal of finding the largest of k population means is treated in 
detail. Let 5,,,-1 denote the true, unknown difference between the largest and second largest populations 
means. It is assumed that the experimenter can specify before experimentation starts: (1) The smallest 
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yalue, say 5*, of 5,4: that he is interested in detecting and (2) The smallest acceptable value, say P, 
of the probability of achieving this goal when 4,%,4-125*. Three multiple decision procedures to ac- 
complish this goal are given: (1) A single-sample procedure when the common variance is known. 
(2) A two-sample procedure when the common variance is unknown. (3) A sequential procedure when 
the common variance is known The observations Xj; are normally and independently distributed 
chance variables N(X;j;| ui, 02), (¢=1, 2,°°*,k;7=1,2,°°* ad. inf.). We assume that the y; are un- 
known. The ranked y; are denoted by wi) Sup} S** + Sup. It is not known which population is asso- 
ciated with wjij(¢=1, 2,°° + , k). We define 5:5 =pjij —ujj(t, 9 =1, 2,° °° . k). 

Single-Sample Procedure. (1) Enter the appropriate table with k and the specified P, and obtain a 
constant h =h(k, P). (2) Set h equal to 1/Nd where \ =5*/e and @ is the known population standard 
deviation. Solve this equation for N. (3) Take N observations from each population where N is the 
smallest integer greater than or equal to the solution obtained in (2). (4) Calculate the & sample sums. 
(5) Select the population which yielded the largest sample sum as the population having the largest 
population mean. 

Two-Sample Procedure. (1) Take a first sample of N» observations from each of the k populations. 
Any integer N» will satisfy the requirements of the problem. (2) Calculate 


1 k No 1 Ne 3 
s2=—> J Xi -—z Xij 
Nej=1 


n i—1 j=1 


which is an unbiased estimate of o? having 
n = k(Ne — 1) 
degrees of freedom. (3) Enter the appropriate table with n =k(Ne—1) and the specified P, and obtain 
a constant h =h(n, k, P). (4) Take a second sample of N —N¢ observations from each of the k popula- 
tions where N is the smallest integer equal to or greater than the larger of Ne and 2802(h/5*)2. (5) Cal- 
culate the k over-all sample sums Y;n =>), Xj; (i =1,2,---+, &). (6) Select the population which yielded 
the largest over-all sample sum as the population having the largest population mean. 
Sequential Procedure. Let the ranked sums based on m observations be denoted by 


Yujm < YV{2jm < +++ < Yoaejm 
and let 
Dim = ¥ {kim — Y{ijm (§ = 1,2, ---,k — 1) 


“At the mth stage of experimentation take an observation from each of the k populations and com- 
pute 
Won = e-® Dimi 4. 6-8°Dam/? 4... 4 g-8°De-1, mi, 


(a) If Wm S(1—P)/P, stop experimentation and choose the population which yielded the largest 
sum, Y{ijm, a8 the one having the largest population mean. (b) If Wm >[(1—P)/P], take another ob- 
servation from each of the k populations and compute W»4+1. Continue in this manner until the rule 
calls for stopping.” 


An Optimum Slippage Test for the Variance of K Normal Populations. Donatp Truax, Stanford 

University. 

A solution is given to the problem of deciding if several normal populations with unknown means 
and variances have equal variances, or if not, which population has the largest variance. Under some 
mild restrictions on the class of possible decision procedures this solution is shown to be optimum in the 
sense that it maximizes the probability of making the correct decision when all the variances are equal 
except one which is Jarger than the rest. The optimum procedure is given as follows: select population 
ly if ay¢2/Z4_, 3:2 >L and decide that all the variances are equal if s?/2Z}_, s;2<L. We denote by 
8;? the unbiased estimate of the variance from the ith population, and M represents the index of the pop- 
ulation having the largest sample variance. The constant Lg is determined by the restriction that if 
all the variances are equal then that decision should be made with probability 1 —a. 


The Use of Statistical Techniques in the Aging of Accounts Receivable. R. M. Crsrt, Carnegie In- 
stitute of Technology. 

The aging of accounts receivable in most enterprises is done by sampling a portion of the accounts 
receivable. On the basis of the aging an allowance for uncollectibles is estimated. The study described 
in this paper had two primary objectives: (1) To analyze the sample design being used for selecting ac- 
counts to be aged with a view toward improving the method of selection and determining the optimum 
sample size. (2) To examine the plan for selecting accounts already aged to be test-checked by the auditor 
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with a view toward installing an appropriate acceptance sampling scheme. The procedure followed was 
to examine a past sample drawn from a large metropolitan department store. The sample was first 
analyzed for randomness by the use of Kendall’s coefficient of rank correlation. There was no significant 
correlation found between the alphabetical rank of the accounts and the rank of the account age. It was 
decided, therefore, that it would be meaningful to compute the precision with which the past sample 
estimated the allowance for bad debts. The precision as computed from the sample of 15,000 accounts 
was deemed too tight by the public accountants working on the study. New precision and reliability 
requirements were specified and a new sample size was computed on the assumption of an unrestricted 
random sample design. The required sample size was reduced from 15,000 to 1,700. The sample design 
specifies that the accounts will be drawn systematically and the sampling error will be computed by the 
Tukey plan. 

Previous practice in test-checking the agings done by store personnel had been to select 10% of 
the accounts aged. The public accountant then decided whether or not to accept the total accounts 
aged on the basis of the test-check. The process of test-checking was one to which sequential analysis 
was applicable. After the accountant had defined a good and a bad lot and specified the risks to be 
taken, a sequential sampling plan was determined. The plan was truncated at three times the average 
sample number for lots with a per cent defective equal to the slope of the decision lines. The maximum 
number that would need to be sampled, therefore, is 376 and the average sample number is 126. In the 
authors’ view, this study establishes the possibility of adapting statistical methods to accounting and 
auditing problems involving a high volume of homogeneous data. It is important to note that the sub- 
ject of this study and, therefore, its conclusions do not relate to an area of audit in which results are 
applied directly to the decision of giving or withholding an opinion on financial statements. 


New Experimental Designs for Paired Observations. W. S. Connor, National Bureau of Standards. 

There are many experimental situations in which only two objects can be observed at a time under 
homogeneous conditions, as for example in a recent experiment at the National Bureau of Standards 
which involved the comparison of several types of spark plugs in two cylinder gasoline engines. In 
these cases experimental designs with two plots per block are needed. If all possible pairs of objects are 
observed, the statistical analysis of the observations is simple. However, if the number of pairs is large, 
this procedure may be expensive and may provide more precise results than are needed. Thus it often 
is desirable to observe only part of the pairs. The choice of this subset of pairs must be made with 
care if the statistical analysis is to remain simple. Such a subset is the “two-group arrangement,” which 
was suggested by the traditional experimental procedure of comparing several new objects with one or 
more standards. The two-group arrangement consists of dividing » objects or treatments into two groups 
of m and n treatments (»v =m-+n), and of pairing every treatment from one group with every treatment 
from the other group. No other pairs are formed. The analysis appropriate to this arrangement is de- 
scribed in detail. 


Some Aspects of Sequential Experimentation. 8. Munro. 


Out of practical necessity a sizable amount of industrial and military development is being con- 
ducted sequentially, even to the extreme of a sequence of samples of one. There is, however, aside from 
a handful of exploratory and superficial papers, no body of mathematical theory which serves as a basis 
for the design of such experimentation. Since this experimentation is performed to make use of all the 
available information, in the colloquia! sense, at every stage in the sequence, the usual statistical hy- 
pothesis of independence is not valid. Also, unlike classical design problems, this experimentation is 
devoted to estimation rather than tests of hypotheses. Many different types of practical problems will 
be discussed and an attempt will be made to show that the transition from one experiment to the next 
is a statistical problem, properly subject to mathematical study. 


Information Theory and Prediction. Max. A. Woopsury. 


A study is made of the usefulness of information theory as an aid in making and evaluating pre- 
dictions. Clearly, predictions are made on the basis of information available to the predictors. Two 
principal problems are faced in making a prediction: First, the selection of the prediction, and second, 
evaluating the prediction in the light of what happens. Note that a prediction involves a selection of 
information available and a transformation. Naturally there is interaction between the two problems 
since one would change the method of prediction appropriately if the verification methods change. 
Here we use the measure of information proposed by Shannon and Wiener. A value is attached to 
probability distributions similar to entropy or negative entropy and the amount of information is 
measured by the change in entropy due to the additional information. In practice this involves the use 
of Bayes theorem. The principal predictions studied in the paper are meteorological forecasts. An ONR 
project has been set up to evaluate the methods proposed and with the help of the U.8. Weather Bureau 
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and the U.S.A.F. certain studies have been made. Here the verification evaluation consists of computing 
an “information ratio.” This is the amount of information available in the forecast relevant to the 
phenomenon predicted divided by the amount necessary for a “perfect” forecast. Techniques for dis- 
carding irrelevant information have been investigated and the use of discriminant and factor analytic 
methods have been undertaken. 


Estimation of Length of Hospital Stay from Discharge Data. Ciirrorp A. Bacnracn, The Johns Hopkins 
Hospital. 

This paper considers the relationship between the two distributions of patients’ length-of-hospital- 
stay that are commonly tabulated and used in hospital administration. These are: 

1. The distribution of the lengths of stay in the hospital of patients who are discharged during a 
time interval, 

2. The distribution of lengths of stay-to-date, of patients who are in the hospital at a given time. 
The event leading to a patient’s inclusion in a group of patients discharged during an interval is dis- 
charge—an event which happens only once to each patient. The event leading to inclusion in a sample 
of the second type is presence in the hospital on a particular day—an event which may occur repeatedly 
to a given patient, with a frequency depending on total length-of-stay. Hence, patients who are in the 
hospital at a given time may be regarded as a length-biased sample of the hospital’s patients; the ex- 
pected mean value of the stay-to-date of such a sample is given by (o?/2u)+(u/2), where u and o are 
population parameters of the distribution of lengths of stay of patients discharged during a time interval. 

An analogy is drawn between a general population and a hospital patient population. The distribu- 
tion of stays of patients discharged during a time interval is the analogue of the distribution of ages at 
death of a general population. The distribution of stays-to-date of patients in the hospital at a time is 
analogous to the age distribution of the general population at a census. If the stationary population 
model fits a hospital population, the two length-of-stay distributions are related in the same way as 
the dz and 1, curves of a life table. The assumptions underlying the stationary population model are 
considered with reference to hospital populations of various kinds. The effects upon the model of such 
events as change in bed capacity and time trends in length-of-stay are pointed out. The assumptions 
are such that they are more likely to be satisfied in a hospital with short-term patients than in a chronic 
disease hospital. Data are presented to show that in one large civilian general hospital (The Johns Hopkins 
Hospital) the stationary population assumptions are sufficiently well satisfied to permit the use of this 
model for the purpose of estimating the characteristics of the distribution of the length-of-stay to-date 
from data on discharged patients. 


Parametric Estimation of Survivorship. D. J. Davis, The Rand Corporation. 


This paper deals with the application of statistical methods to the development of failure distribu- 
tion hypotheses for complex mechanical systems and to the testing of these hypotheses. The two failure 
hypotheses considered are: Exponential in which non-failed systems are assumed to exhibit an equal 
probability of failure during equal time intervals independent of the previous operating time. Normal in 
which the probability of failure per unit time for unfailed systems increases with use in such a manner 
that the times-to-failures tend to cluster around the average value in a distribution similar to the normal. 
Statistical analysis is applied to failure data for a variety of systems involving people and/or electrical, 
electronic, and mechanical equipment. The raw failure data are arranged in frequency distributions 
which are compared te hypothetical distributions derived from either an exponential or a normal theory 
of failure, whichever is appropriate. The fit between the observed and hypothetical distribution is 
measured by means of the chi-square test. The chi-square tests indicate no significant disagreement be- 
tween theory and observation in all but one of the 34 data samples examined. The 34 failure distributions 
are dominantly exponential rather than normal. 


The Demand for Citrus Products. Gzorcz M. Kuznets, University of California, and RicHarp J. 

Foote, Agricultural Marketing Service. 

The paper deals with the problems of utilizing the information collected weekly by the Market 
Research Corporation of America from a national panel of consumers on purchases and prices paid for 
varicus citrus items and canned juices to obtain estimates of demand elasticities. The advantages of 
utilizing data which exhibit variation both over households and over time are first discussed with refer- 
ence to a simple model of purchase behavior. A comprehensive study is then outlined which involves 
separate regression analyses for summer and winter seasons extending over a recent period of 38 months 
in each of 10 rural-urban geographic strata. The unit of observation is a family-month and the variables 
include monthly purchases by panel families of each of six citrus products, prices paid for these and for 
four other products, family income, family size, an index of availability of frozen orange juice, and 
month within season. The main problem encountered in proceeding with the study is the absence of in- 
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formation on prices confronting the non-buying families. Probably not less than 70 per cent of the re- 
quired prices for each product will have to be estimated each month. Fragmentary results from several 
pilot studies in progress are described These studies are designed in part to test the usability of panel 
data and in part to provide some indications on the basis of which a reasonable choice of a procedure of 
estimating missing prices could be made. 


An Analysis of the Demand for Meat. Avers Brinser, Harry ALLISON, and CHARLEs Zwick, Harvard 

University. 

The purpose of this study of the demand for meat, fish and poultry meat items was twofold. In the 
first instance, it was an attempt to define certain factors affecting demand in addition to price and in- 
come and to determine the order of their relevance. The other factors include family composition, edu- 
cation, age, time available for meal preparation by the housewife, and ethnic group. The second objec- 
tive was to test th» effectiveness of a consumer panel to supply the data for such analysis. This paper 
is a progress report of the study outlining the design of the research and the method of data collection 
with a preliminary analysis of the consumer panel technique as it was applied. A full evaluation of this 
aspect to the study must wait until all of the data collected have been analyzed. The results of the study 
up to this point suggests that the consumer panel technique is a workable method for collecting data at 
the household level with limited research resources. It remains for the continuing analysis to show 
whether these data can be used to provide effective answers to such questions as whether there are dif- 
ferential price and income elasticities among the various subgroups in a population. On the evidence of 
preliminary estimates it would seem that the form and substance of the data collected will support 
useful quantitative analysis. 


Demand Analysis from the M.S.C. Consumer Panel. G. G. QuackensusH, Michigan State College 


The M.S.C. Consumer Panel consists of about 250 families who report each week in considerable 
detail on their food purchases. Each family reports the quantity, price, and expenditure for each food 
item purchased. About 500 food items are included, and this includes all food. Each family reports its 
income for the week. The sample area to date has been the city of Lanaing, Michigan. The project was 
designed to continue for 10 years. The objectives of the project are to determine price, income, and cross 
elasticities, as well as purchase patterns for food. The research was undertaken to help fill the need for 
cross-sectional analyses over time and for analysis of data of the short-period type. Examples of current 
research include use of single equation least squares methods to derive price elasticities for beef, pork, 
poultry, fish, cold cuts, individual cuts of meat (steaks, roast, hamburger, etc.), and some fats and oils. 
Cross-sectional analysis, using total annual purchases for individual families, has been used to derive 
income expenditure elasticities for food eaten away from home, food purchased for home preparation, 
and for some individual food products. It is concluded that the consumer purchase panel method has 
considerable potential as a method of securing data for demand analysis and related studies. 


The Flow of Net Cash Savings through Life Insurance Companies. Harris Loewy. 


The flow of net cash savings through life insurance companies is made up of the savings of policy 
holders (internal savings) and governments, corporate debtors, and mortgagees (external savings). 
Internal savings equals companies’ net income, and is the net of income flows such as first year’s and 
renewal premiums, interest income, and expenditures flows such as payments to policyholders and 
expenses. The growing stability of internal savings is the result of the increasing relative importance of 
such contractual income flows as renewal premiums and interest income. Payments to policyholders 
will also stabilize as the result of the rapid growth of group and term insurance in force in which policy- 
holders’ equity is small. As equity declines in the future, policyholders’ dissaving, a feature of the Great 
Depression, will also be relatively less. 

Individual decisions to save are mainly incorporated in the first year’s premium flow which shifts 
rapidly with changes in the level of income and employment. The renewal premium and interest income 
flows are relatively insensitive to income changes and are increasing in stability because of the contrac- 
tual element they incorporate. Total income is stabilizing because of this contractual element and be- 
cause the volatile first year’s premium flow is becoming a declining proportion of total income. The ex- 
penditures flow is dominated by payments to policyholders. In the 30’s the flow of payments to policy- 
holders was strongly influenced by lapses and surrenders. If the decline in policyholders’ equity con- 
tinues as a result of the growth of term and group insurance, swingsin this payments flow should be of 
smaller depth and ampliiude. The net result of these developments should be growing stability in the 
annual flow of internal savings or net cash available to finance capital formation. The flows of external 
savings, amortization payments, are measured for 1947-1950. Added to internal savings, they show 
how much net cash (new money) the life insurance industry made available in those years by source 
to finance capital expansion. 
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Current Problems in Measuring Moneyflows. Morris A. CoprLAND 


Moneyflows measurements constitute a set of interlocking social accounts for the economy—sec- 
tor sources and uses of funds statements. This system of social accounts is an extension of the national 
income and product system to show inflows and outflows for nine (instead of five) separate sectors, and 
to show a variety of types of transaction that do not appear in the national income and product accounts, 
particularly financial transactions. The way in which the economy must be divided into sectors for this 
purpose calls not only for replacing the business sector of the national income and product accounts 
with at least three financial and two nonfinancial business sectors; but several national income sectors 
must also be redefined. A critical current problem involved in the sectoring of the economy that is 
examined in some detail centers around the contrast between personal saving (disposable personal in- 
come minus personal consumption expenditure) and the net financial use of funds by households (in- 
crease in household cash and portfolios minus increase in household debts). The extent to which other 
regular statistical compilations (as well as the national income estimates) are currently used in making 
annual estimates of sector moneyflows is emphasized. Several problems involved in putting the various 
sources of information together into moneyflow accounts are outlined. An important but as yet unsolved 
problem is that of developing current quarterly estimates of moneyflows. The nature of this problem 
is considered in relation to the monthly and quarterly figures now available. 


Estimation of the Interval Rate in Actuarial Calculations: A Critique of the Person-Years Concept. 

Joserx Berkson, Mayo Clinic. 

Each individual in a group for which a follow-up study is being made is observed from some de- 
fined origin of time, as for instance the time of receiving medical treatment. The observations may 
continue to some predesignated closing date C or be terminated by a random process. The problem is to 
estimate the probability of survival to time 7;. Broadly, two methods can be used, (1) If the probability 
of survival to 7; is given by some smooth survivorship function P; =F (Tj, 6:, :,--+) where 6:, 02°+- 
represent parameters, then with appropriate observations available, the 6’s may be estimated by using 
some method of “fitting” the function, such as maximum likelihood, rainimum X2, least squares, etc. 
(2) If the function F is not known, the actuarial method is used. {n this method the total period 7; is 
subdivided into intervals small enough so that within each interval the survivorship can be considered 
linear. The conditional probability of surviving to the end of the interval [z, (x+1)], having survived 
to the beginning, is p,, and if this is estimated for each interval, the probability of surviving to time 7; 
is given by P; =]IT ‘p,. The essential problem, then, is to estimate p;. Two estimators are discussed, 
(1) “Person-years” estimate, given by Qo =d/P.Y.E , where d is the number of deaths observed in the 
interval and the “person-years exposed,” P.Y.E. =; —2¥(1 —Tiz), where Nz is the number living at the 
beginning of the interval and 7;,; is the fraction of an interval for which each of W “withdrawals” among 
the N, was to be observed. (2) Maximum likelihood estimate, given by the solution of 


L _ 7. 
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where the summation is taken over L individuals last observed living in the interval. Various approxima- 
tions of each of the estimates are discussed and variances of the estimates are evaluated. It is pointed 
out that the “person-years” estimate implies that it is possible to define a “withdrawal” W. For the 
usual follow-up study a definition of W requires the imposition of a single “closing date” for all persons 
in the study. This involves the disadvantages that it (1) necessitates a truncation of the data that 
sacrifices available information, (2) makes clerical work more complicated than when the maximum 
likelihood estimate is used, (3) renders impossible calculation of survival rates for any series in which 
less than 100% of the cases are traced to the closing date. 


The Problem of Within Family Contagion. Wituiam R. Garrey, University of California (Berkeley). 

The presence of contagion, or direct person-to-person transmission, in a disease process is often 
argued from the fact that the secondary attack rate is high compared with the primary attack rate. 
An example is given to show that no such inferences regarding contagion can be made from the compar- 
ison of these rates, because of the possibility of different intensities of exposure in different families. 
Instead, the observed variables are taken to be the times during the period of observation at which cases 
occur within a family, assuming families to be independent. A model is constructed which admits either 
(1) no contagion, (2) positive contagion (in which a case makes subsequent cases more likely), or 
(3) negative contagion (in which a case confers a degree of immunity on the rest of the family). The 
joint density of the times of occurrence referred to above is given under the hypothesis of no contagion 
and under the alternative of contagion (positive or negative) of a special type termed “linear.” 
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A uniformly most powerful test of the hypothesis (1) against either (2) alone or (3) alone is found, 
as well as a uniformly most powerful unbiased test against both (2) and (3) together. All of these are 
insensitive to variations in the intensity of exposure. The first two moments of the test statistic were 
found as an aid to getting an approximate region of rejection when large numbers of families are in- 
volved. 


Consistency of Estimators under a Specialized Bioassay Procedure. Wiii1aM F, Tar.or. 

The consistency properties of various types of estimates are considered in this paper, with especial 
emphasis on maximum likelihood and minimum chi-square estimates. A general theorem is presented 
stating necessary and sufficient conditions for consistency. It is assumed that the effects of a drug are 
to be evaluated by giving it in varying doses to several subjects and observing the number of these sub- 
jects who respond in a given way. Let the dosage levels be 2:, x:,-++ , z, and the number of subjects 
receiving the ith dose, nj. The proportion of subjects responding to the ith dose is called g;. A further 
assumption is that the probability, p;, of a subject responding to dose z; is some function so xi) =f;(6), 
where @ is a parameter to be estimated. For several of the commonly chosen functions, f, and several 
methods of estimation, it has been shown that the estimates of @ so obtained are regular best asymptot- 
ically normal (RBAN) in the sense of Neyman, and thus have identical asymptotic properties. 

There is more than one type of limiting situation which leads to asymptotic properties, however, 
and the fact that one such situation results in desirable properties may have little to do with the prop- 
erties associated with other limiting situations. The results most frequently used are based on the case in 
which the total number of subjects is N =L{_,n;. N is allowed to increase by increasing each nj, keeping 
the nj/N and the s fixed, When this is the limiting situation considered, maximum likelihood, minimum 
x?, logit, and probit estimates are all RBAN When N- ~, not by increasing each nj but by taking on 
more dosage levels, i.e., by increasing s, the above can no longer be said. This is shown with regard to 
the consistency of the estimates, assuming the n; are all < M < ©. While maximum likelihood estimates 
can be shown, under certain conditions, to be consistent, under these same conditions minimum x? ones 
are not consistent unless additional restrictions are imposed. 


Use of Census Tracts in Study of Changing Residential Patterns in Metropolitan Areas. Gzorar Duc- 

GAR. 

For decision on issues of policy and theory research is needed on residential localization. Studies 
should be extended to encompass entire standard metropolitan areas and, in the search for a valid 
typology, applied with identical statistical techniques to several metropolitan areas and to several 
periods of residential construction. The 1950 Census of Housing permits comparison between standard 
metropolitan sreas and between parts of areas. By comparison with the 1940 Census and by reference 
to data on year built new and older housing can be compared, and areas can be distinguished in terms 
of their rates of housing growth. Gross techniques for study of metropolitan areas are examined, center- 
ing on the 91 areas with a city of 100,000 or more and contrasting housing in their core cities and re- 
maining area, and housing built 1940-50 and earlier. Correction of results for differences in extent of 
land area and use of the new urbanized area concept are found valuable. Techniques for more intensive 
comparative study of growth periods, of entire metropolitan areas, and of more central and more 
peripheral portions are examined, using census tracts and, in the untracted portions, other small sta- 
tistical areas. Techniques include mapping of growth rates, growth concentration, and housing character- 
istics, statistical analysis of relations between these (in ways relevant to theory) and identification of 
small areas where growth rate or concentration suggests case study While lack of cross tabulations 
prevents direct comparisons between the housing in the several tracts by period built and characteristics, 
the general patterns of co-variation of growth rate and of housing characteristic can be examined as 
reflected in tract totals. It is suggested, however, that the type of distinction which has been drawn 
in the 1950 cc:.sus between urbanized area and standard metropolitan area be drawn, also, between the 
urbanized and non-urbanized portions of tracts. 


Theory of Behavior. Epwarnp W. BARANKIN. 
See Econometrica, Vol. 21, No. 3, July, 1953, p. 474. 


Uses of Census Tracts by Housing People. Dororny 8S. MonraomeEry. 


Tract use gained impetus in Philadelphia as a result of interest in the two Real Property Surveys 
of the 1930's, as well as the 1930 Census. The Philadelphia Housing Association, the first housing group 
in the city, was among the first to use the tract for analysis and recording. As an educational, Com- 
munity Chest agency, we find the tract a valuable tool in educational work as well as in our fact-find- 
ing activities. At the outset, the census tract helped to tell the story of the relationship of housing to 
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health, to delinquency, to dependency. Today our Association uses census data on a tract basis to inter- 
pret neighborhood housing conditions in connection with the housing tours which are an essential part 
of our educational program. 

The technical uses of the tract are numerous, and most of them common to other communities. 
But I would like to describe two uses that may be unique. The first is a use that continues year after 
year as part of our tabulation and analysis of city permits covering new dwelling construction, conver- 
sions, and demolitions. These data have been regularly collected by our Association since 1923, and have 
enabled us to estimate changes in the dwelling supply throughout the city in intercensal periods with a 
reasonable degree of accuracy. Since 1945 these data have been tracted, which has added the important 
element of precise location to the previously tabulated information on type of new housing, selling price 
and lot size. The tracting of conversion data is of particular value since it has permitted analysis of the 
significant, and usually neglected changes, in the use of structures, changes that are frequently associ- 
ated with the start of neighborhood blight. It may be mentioned here that the tracting of the permit 
data became feasible when an up-to-date street and house number directory was published for Philadel- 
phia. Prior to the directory, tracting was almost impossible. 

Tract data enabled us to discern and map the patterns in the spatial movements of Negro house- 
holds in the city, and to gauge the amount of concentration and dispersion during the last census 
decade. Most of the influx of the decade had been absorbed in the traditional areas of Negro occupancy 
which had become more Negrc in the process. Within these areas, however, there had been substantial 
shifts with the North Central Philadelphia area becoming the major center of concentration. Analysis 
of the tract data also showed that, contrary to general opinion, Negroes are not finding homes through- 
out the city; and that where expansion did take place, it was in or adjacent to areas in which Negroes 
already constituted a large part of the population. While over-all census figures indicated that housing 
occupied by Negroes was on the average of much poorer quality than housing occupied by white families, 
analysis of tract data revealed that there is no inevitable correlation between the race of the occupants 
and the quality of the housing. A comparison of two neighborhoods showed that while one, an area of 
high Negro concentration and severe overcrowding, has become increasingly blighted in the last two 
decades, the other, also an area of high Negro concentration but low density of population has shown 
an improvement in housing quality in the course of the racial change. This study, which could not have 
been undertaken without tract data, will provide the Commission on Human Relations with factual 
information upon which to base its educational program to end discrimination and segregation. It will 
also affect other aspects of the city’s official policy concerning the enforcement of minimum housing 
laws. 


Uses of Small Area Census Data in New York City. FLornence 8. Currreiu. Welfare and Health Council 
of New York City. 


The decade 1940-1950 brought so many shifts in the population of New York City that many 
organizations are studying the 1950 population and housing data for the 2563 census tracts, or the 352 
larger health areas which are composed of tracts. One of the major uses by City departments, social 
agencies, churches and sinilar organizations is to estimate the needs of areas within the boroughs for 

g projects, sch , health programs, case work services, recreation centers, programs to prevent 
delinquency, churches, ete. and to determine the location of facilities to provide these services. The 
City Planning Department utilizes small area data in connection with its master plan, zoning ordinances 
and its other responsibilities and for population forecasts. Several major research projects—studies of the 
aged, mental health, medical care and the teen-age narcotics problem—have used the data for selecting 
samples and/or for studying population characteristics and environmental factors. Utilities, commercial 
and savings banks, insurance companies, newspapers, construction firms and other companies use 
population and housing data to estimate loads or sales, to plan districts, for mortgage appraisals, to 
determine the need for housing or branch banks, etc. Manufacturers, advertising agencies, radio stations, 
and research organizations indicate dependence on block and tract data for sample marketing and public 
opinion surveys. 

Special publications: To supplement the tract data published by the Bureau of the Census, six 
organizations purchased a set of the IBM summary tract cards on the 1950 population. These cards 
also enabled the City Department of Health and the Research Bureau of the Welfare and Health 
Council to publish population data for health areas. The cards also provided data for the Population 
and Housing volume of the “New York Market Analysis,” a companion of the volume on retail trade 
from the 1947 Census of Business. Both volumes of this publication by the New York Mirror, New 
York News and New York Times cover 116 retail trade districts (aggregations of tracts) within the City 
and 21 suburban counties. The Research Bureau of the Welfare and Health Council published for census 
tracts and health areas: “Population of Puerto Rican Birth or Parentage, New York City: 1950.” 
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Probability Distributions of Group Organization Theory. Lzo Karz, Michigan State College. 

A functioning group of N individuals is represented abstractly as a multilinear, graded, directed 
graph on N points. Between each pair of points (individuals), the complete relationship is assumed to 
be analyzable into a sequence of categories, in each of which the strengths of the bonds in both directions 
are measurable in some scale. The hope for economy in description of the group rests on the possibility 
that the bulk of the information in these infinite-di ioned vectors is contained in relatively few (per- 
haps, only one) of the components. A single component (one facet of the group organization), then, is 
represented as a directed graph and, if the relationship is all-or-none, as a simple linear directed graph. 
Two fundamental results provide an almost complete probability distribution theory for the classical 
sociometric problems. A thesis by James H. Powell of Michigan State College will contain an analysis 
of the structure of the sample space of sociometric investigation whidh makes possible the immediate, 
though not simple, expression of most of the pertinent probability distributions in terms of the numbers 
of graphs satisfying certain restrictions. A second result by Katz and Powell (submitted to Proceedings 
of the American Mathematical Society) gives explicitly the number of directed graphs satisfying a specific 
set of local restrictions 

The principal classical problem not solvable as above is that of the distribution of mutual or 
reciprocated choices. However, an iterative procedure of application of the previous results produces the 
required distribution for this case. Applications of the general method include the measurement of con- 
centration of choice, tendency toward reciprocation, development of leaders, etc. Finally, preliminary 
study of the bilinear graphs corresponding to two-dimensional group functions indicates that any at- 
tempt to handle these mathematically would involve invention of some new mathematics. On the other 
hand, this study indicates some new uses of multiple-level sociometric techniques in the field of social 
psychology. 


Tracts in Analysis of Worker Mobility. Merepiru B. Givens, New York State Department of Labor. 


One of the uses of census tracts is to provide a basis for aggregation of data into special-purpose area 
groupings. Census tracts were recently utilized in this way by the research staff of the Division of Em- 
ployment of the New York State Department of Labor, in a study of where people work and live in 
New York City and its metropolitan environs. The study was undertaken for administrative purposes, 
though its results are proving to be of considerable interest to all who are interested in worker mobility 
and the pattern of commuting in the metropolitan community. It involved comparisons, by small areas 
within the Metropolitan Area, of the place of work of employed persons as revealed by the Division's 
own employment data, compiled for employers of twelve or more workers, with the place of residence 
of workers living in these same areas as shown by the Federal Census of Population. Such comparisons 
of (1) employment at their work place with (2) Census data on employed persons counted at their homes 
are indicative of the “balance” or “imbalance” between the number of persons working within an area 
and the number of persons living in that area. The comparison does not show where the workers within 
a given area come from or where those who live within the area work. For this purpose a special question 
in the Census schedule would be required. 

For purposes of analyzing and mapping data, the intra-State Metropolitan Area was divided into 
57 districts. These districts represented combinations of census tracts in those localities which have been 
tracted, namely New York City and Westchester. For Rockland, Nassau and Suffolk, which are still 
untracted areas, other approaches were used for subdividing the counties. For New York City, the basic 
data were first prepared on a census tract basis and then combined into 210 “conversion districts”—~a 
tentative grouping of census tracts developed with the assistance of a committee named by the local 
chapter of the American Statistical Association. This grouping was designed for possible use in obtaining 
tabulations of Census materials on a small area basis. Contiguous “conversion districts” with similaritics 
in employment were then combined into 32 broader districts. For Westchester, the only other tracted 
county in the area, the 150 census tracts were combined into nine districts which conform to the de- 
velopmental districts delineated by the Westchester County Department of Planning. 

To obtain information on employment at place of work on a census tract basis, for combination 
into the broader districts, it was first necessary to code the data on insured employment according to 
census tract. To obtain employment data according to place of residence for combinations of census 
tracts, the Division purchased from the Bureau of the Census IBM summary cards showing, by tract, 
employment characteristics of the employed labor force for New York City and Westchester. The New 
York City purchase was made jointly with several other local groups using combinations of tract data 
for their own purposes. The task of coding the Division’s employment records by tract proved difficult 
because of the lack of an up-to-date directory of census tracts for the City. 

This project required the solicitation of one-time breakdowns of employment at each place of work 
from multi-establishment employers. The project demonstrates the feasibility of using census tracts as 
an approach to small-area analysis of data from other than Census sources in comparison with Census 
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data. The tract is a useful common denominator in devising larger standard areas for statistical tabula- 
tion and analysis in a metropolitan area. 


Use of Census Tracts for Business Analysis. Perry H. Myers. 


The main problem in the use of census tracts and other census data for business analysis is simply 
ignorance of even interested businessmen regarding census material. An informal survey suggests that 
about half of business executives think a census tract is a pamphlet issued by the Bureau of Census. 
Census tract data are essential in several major marketing developments: (1) In tracing the differentia- 
tion of the urban market and particularly the development of a new type suburban group. In this con- 
nection, it should be noted that higher incomes, the building boom, more marriages and more children 
have led to an accelerated movement of younger, middle income couples into the suburbs and, at the 
same time, concentration of lower income groups within the central parts of the larger cities. To trace 
this development, which has far reaching effects for both retailer and manufacturer, requires detailed 
study of tract data, not only in terms of population but also in terms of income, family characteristics, 
home ownership, etc. (2) The development of suburban retailing, particularly large department store 
plans for shopping centers, has required detailed analysis of local data to determine the population and 
characteristics of the areas to be served by these new suburban outlets. (3) Tract data are essential in 
consumer sampling, both in setting up a random sample and also in projecting the results to the total 
population of a city or to other cities. In general, it may be said that increasing purchasing power and 
the wider distribution of discretionary income have led to greater differentiation in the consumer market 
and a greater need of tracing this differentiation in terms of where people live, and who they are, through 
the use of the census tract. 


The Relation of Census Tracts to the General Census Program. Ropert W. Buraess. 


The activities of the Census Bureau, the methods used and the subject matters covered can be 
partitioned in various ways, many of them significant in directing the enterprise or proposing changes. 
One of the fundamental splits which effects both the determination of what shall be done and the way 
in which the details of various projects shall be developed is between the nation and the small area as 
the focus of interest. Typically an economist values statistics for the information they give of the nation 
as a whole and of the major economic divisions thereof. He is also interested in the changes over rela- 
tively long periods of time. The market researcher, however, and other specialists in planning economic 
and social activities, need information as to the population in relatively small local areas. They want 
to have an adequate basis for determining where a store or a school or a hospital can best be located 
and for judging whether one of these institutions is really meeting the present and future needs of its 
neighborhood. For such purposes sampling procedures do not fill the bill, and the small area statistics 
provided by a reasonably recent complete census are necessary. 

The needs for small area statistics have thus an important bearing on determining the proper period 
between censuses covering a particular field. These needs also influence decisions as to the form in which 
census results should be stated, so as to meet the needs of users and encourage greater use of all material. 
It has become clear as workers in various fields apply scientific methods increasingly to the key factors 
of their problems that these needs for local statistics deserve careful attention. The Census Bureau, 
therefore, can and does cooperate with local agencies and individuals in developing census tracts and 
stimulating their use. The Census Bureau, however, leaves the functions of analyzing tract statistics and 
campaigning for educational or social projects that such analysis might suggest to individuals like sub- 
sequent speakers on this program or the organizations which they represent. Noteworthy gains are being 
made in the establishment of census tracts so that within a few months 46 standard metropolitan areas 
will be entirely divided into tracts as compared with only 11 at the time of the 1950 Census. With con- 
tinued interest on the part of local committees, it is a reasonable goal that we have census tracts for all 
SMA’s developed for the 1950 Population Census. 


How the Automobile Industry Utilizes the Census Tract in Market Determination. Feapivanp F 

Mauser, Wayne University. 

The automobile manufacturers are fairly consistent in their belief that the census tract is a useful, 
basic statistical tool, of value in gathering distribution intelligence. Marketing strategy based upon this 
intelligence determines placement of dealerships. Companies consider proper placement of dealerships 
to be vital in their attempts to achieve maximum sales for their products. Two of the methods employed 
in area analysis using the census tract as the basic working framework are the standard metropolitan 
area approach and the central city approach. Superimposing of selected data upon area maps makes it 
possible to bring areas of poor dealer performance into focus. The type of data used for addition to the 
census tract framework varies depending upon the need and makeup on the area studied. There may be 
as many as 10 or 12 separate maps drawn up for a single area analysis. Statistical specifics are presented 
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on a three part basis: (1) the ideal situation—what the company would want if it could write the ticket 
exactly as it wanted, (2) the present situation as it now is, and (3) the recommended proposal in terms 
of specifics—the answer to the question of what should be done now. Under this system the ideal ar- 
rangement is used as the starting point. The situation as it now stands, is then related to the ideal. 
This brings the problems into focus. Changes then become evident and improvements are made gradu- 
ally in the direction of the ideal because the ideal or goal is known. 


Further Generalization of Neyman’s Distributions. Gzorrrey BEALL. 

It is known (Beall and Rescia, Biometrics 9: 354-386) that $(t) =exp. min!22,mj{(e*t —1)*/(n+8)! 
is the characteristic function of Neyman’s contagious frequency distributions for 0 Sn— «©. Investiga- 
tion now shows that n may properly assume negative values of any magnitude and thus produce an 
even more extensive family of frequency distributions. The distributions for n = —1 and n = —2 are 
intimately related to those where n is nonnegative in that, for example, the third moment steadily de- 
creases from n infinite till n = —2. The distributions, however, change abruptly at n = —3; then the 
third moment becomes very great. As n decreases further the third moment again decreases and ap- 
proaches the value obtaining for n very great. Presumably the Neyman distributions may now be ex- 
pected to fit a great variety of data. It is known that with n small and positive they fit phenomena differ- 
ing greatly from binomial situations. Current investigations suggest that much data that might be fitted 
by negative binomials can be as well fitted by the contagious distribution with n— «. It may be hoped 
that the present extension will make them even more adequate. These further generalizations have sug- 
gested that the handling of this whole system of contagious distributions may be greatly facilitated by a 
transformation from the parameters m: and m: to b =3$(n+2)m:/(n+1) and ¢ =2m:/(n+2). 


The Time-interval Approach to the Problem of Contagion. Grace E. Bares, Mount Holyoke College. 

The particular approach to the problem of contagion discussed in this paper is an outgrowth of a 
suggested treatment outlined in the last section of the paper “Contributions to the Theory of Accident 
Proneness, Part II”, by Jerzy Neyman and Grace E. Bates, U. of Cal. Press, 1952. Starting with a 
stochastic model in which the probability of an individual's incurring an accident in a given time inter- 
val depends not only on the length of this interval but also, possibly, on the number of previous ac- 
cidents sustained—i.e. possible contagion—the random variables considered are the time intervals 
from the start of the period of observation to the occurrence of each accident for an individual incurring 
exactly n accidents in the interval, given that the individual had already sustained exactly m accidents 
at the start of the period of observation. In this paper, the distribution of these time intervals was con- 
sidered only in the case of contagion of a very specialized type, termed linear contagion. Specifically, 
this restriction on the type of contagion provides, for example, that each additional increase in the num- 
ber of accidents previously sustained (from 3 to 4, or from 10 to 11, for example) yields the same per- 
centage increase or decrease in that individual’s chances of avoiding accidents ir the period of observa- 
tion. Under this restrictive condition the distribution of time intervals is independent of the number of 
previous accidents sustained and the time-interval data needed for testing the hypothesis of no contagion 
does not require this information. 

For this model, uniformly most powerful tests of the hypothesis of no contagion against either of the 
one-sided alternatives and a uniformly most powerful unbiassed test for the two-sided alternative case 
are obtained. The statistic used for these tests is the grand mean of all the time intervals for all the 
individuals. The exact power function can be given explicit form but is so cumbersome to apply that a 
method of approximating the power is outlined. 


Contemporary Topics in Statistical Physics. G. W. Preston, Philco Corporation. 


The history of the development of the classical theory of statistical mechanics is briefly traced. It 
is recalled that the behavior of macroscopic quantities of matter can be correctly described by the use 
of the Laws of Motion and the theory of probability. Not only the condition for thermodynamic equi- 
librium, but also the equations for the rate of processes, can be given by probabilistic statements. The 
fundamental statistical attributes of matter are the relative independence of the fundamental units 
of matter and their very frequent, though proportionately brief and violent interactions. The fact that 
the fundamental units of matter are nearly independent greatly simplifies the distribution problems, 
whereas their frequent interactions guarantee that the system will assume a very large number of 
microscopic configurations during the course of any thermodynamic measurement. The fundamental 
results of the recent theory of fluctuations are shown to suggest a possible approach to a statistical 
mechanical theory of non-equilibrium thermodynamics. Finally, the necessity of including in the ex- 
pression for the physical entropy of a system the entropy of information obtained about the system by 
experimentation is shown to imply an equivalence between the second law of thermodynamics and cer- 
tain basic theorems in the theory of statistical estimation. 
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Statistical Problems in Physics. Martin J. Bercer. 

This paper reviews certain aspects of the relationship between physics and statistics. Some reasons 
are brought out why physicists in the past have paid comparatively little attention to problems of sta- 
tistical inference. The point is made that this neglect is unjustifiable and deplorable. Various branches of 
statistics are then examined from the point of view of their importance to physics. Finally, some typical 
problems of statistical inference are described that arise in the interpretatign of physical experiments. 
It is shown that there is a large class of problems in physics to which the existing statistical methods 
can be readily applied with great advantage, while others of a more specialized nature would require 
further development of statistical theory along novel lines. The hope is expressed that physicists will be- 
gin to make greater use of existing theory, and that statisticians will look into new problems raised in 
physics to the mutual advantage of both sciences 


The Statistician in a Research and Development Laboratory. B. B. Day, U. S. Naval Engineering Ez- 
periment Station, Annapolis, Maryland. 

Using a particular research and development laboratory as a case history, the steps followed to 
put a statistician to work therein are outlined in detail. Three major points are developed: (a) the selling 
job required at the different levels with illustrative material presented; (b) the organizational set-up in 
the Laboratory for most effective work; and (c) the statistician on the job—dqualifications, working 
relations, and responsibilities. Some details of the internal operation of a Statistical Office are indicated. 
The paper concludes with a discussion of what the future holds for the statistician in the Laboratory. 


Survey of the Theory of Finite Sampling. Josern F. Daty, U.S. Bureau of the Census. 


Not many years ago the design of sample surveys depended heavily for its success on the reputa- 
tions of its practitioners, who strove mightily to “validate” their samples with the aid of collateral in- 
formation. Today, notwithstanding some popular impressions to the contrary, finite population sam- 
pling is one of the most respectable and thoroughly practical applications of mathematical statistics. The 
present quite satisfactory state of the theory of sampling finite populations is based on two main char- 
acteristics of the problems which the theory is designed to solve. In the first place, it is possible in many 
of these problems to devise methods of sample selection and estimation such that the resulting sample 
estimates can be expected to obey the laws of probability. The amount of variability in the estimates 
arising from the fact that they are based on a sample rather than on a complete count can therefore be 
measured by the same techniques and with the same precision that one can measure the variability in 
successive drawings from a table of randon numbers. In the second place, it is frequently possible to de- 
vise formulas which will serve as good approximations to the way in which the costs of projected sample 
surveys will vary with the size of sample and with the manner of selection of sampling units. This makes 
it possible to define objectively the notion of an “efficient” or an “optimum” survey design, namely one 
which minimizes the variability subject to fixed total cost. 

Important work has been done in the way of devising techniques of sample selection which are 
more efficient than simple random sampling (e.g. selection with unequal probabilities, controlled random 
selection across strata, etc.) and on developing estimation formulas which make maximum use of avail- 
able collateral information (e.g. regression estimates on one or more variables). One unsatisfactory aspect 
of the present theory is that it refuses to evaluate sample designs which are not subject to the laws of 
probability. Recent work on statistical decision theory based on the theory of games promises to shed 
some light on the properties of probability sampling methods in relation to larger classes of sample de- 
signs, including the selection of samples based on expert judgment. It is now known, for example, that 
under certain conditions simple random sampling represents a minimax strategy. Further developments 
along this line can be expected in the next few years. 


Some Finite Sampling Concepts in Experimental Statistics. Jonomz CornFie.p, National Institutes of 

Health. 

It is necessary to know the expectation of each of the mean squares in an analysis of variance in 
order (a) to choose a proper error term (b) to estimate components of variance. These expectations de- 
pend on what was sampled. Usually this dependence is expressed by denoting each observation as a 
linear compound of fixed and random variables, making certain assumptions about these components, 
and deriving the expectations. Different assumptions lead to different expectations, however, and in 
any analysis more complex than the one-way classification it is not always possible to choose unequiv- 
ocally among the different possible assumptions. 

A general way out of this difficulty is provided by finite sampling concepts. This is illustrated in 
the two-way classification, for which one can assume a population of elements classified into R rows 
and C columns with N elemente in each of the RC cells. A sample of r rows, c columns and n elements 
within the rc cells in the sample is taken. If we assume the sampling is such that each row has the 
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same probability of selection (r/R), that each column has probability of selection c/C, and each element 
n/N, that the probabilities of sampling any two rows, columns, or elements within cells are respectively 
r(r —1)/R(R —1), e(e—1) /C(C —1) and n(n —1)/N(N —1), and that rows, columns and elements within 
cells are sampled independently, the expectations can be derived without further (and more disputable) 
assumptions by elementary (but laborious) algebra to be 


Sample mean square for 


Rows 


Columns 


Interaction 
Error 


Expectation 


N-—n C-ce¢ 
oe? +25 of? + ncoR? 


N 


sn Bx 
ot tn r 


oy? + nro,* 


N-n 
oe N + no]? 


a. 


where o-? is the within cell mean square for the population of RCN elements, No;? the interaction mean 
square for this population, NCer* the row mean square and N Roe,* the column mean square. The ex- 
pectations for Eisenhart’s model I, model II, and mixed model follow as special cases. 
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All communications concerning this section should be addressed to the 
Abstracts Editor, Professor George E. Nicholson, Jr., Chairman of the De- 
partment of Statistics, University of North Carolina, Chapel Hill, North 
Carolina. 


Anis, A. A., and Lloyd, E. H., “On the 
range of partial sums of a finite number of 
independent normal variates,” Biometrika, 
40 (1953), 35-42. 

Given a random sample of n, { Xi} from 
a normal population. The partial sums, 
S;, So,***, are formed, where r=1, 
2,:°°,, Se= Li, X;. The average value 
of the range of the n partial sums is shown 
to be +/2/#Zp'r-2, R. L. ANDERSON, 
North Carolina State College. 


Anscombe, F. J., “Sequential estimation,” 
Journal of the Royal Statistical Society, 15 
(1953), 1. 

The author reviews the literature on se- 
quential estimation, presents some ap- 
proximate methods for solving a number of 
particular problems and discusses the pos- 
sible usefulness of sequential estimation 
procedures. 

A sequential estimation procedure is a 
procedure in which the number of observa- 
tions is not fixed in advance, but depends, 
according to some definite rule, upon the 
observations themselves. An example of 
such an estimation procedure, due to Hal- 
dane, is the estimation of a binomial pro- 
portion p when it is desired that the stand- 
ard error of such an estimate be roughly 
proportional to p. The rule is to take ob- 
servations until the number of successes X 
is equal to some prearranged number X 2 2. 
Then an unbiased estimate of p is p 
=(X—1)/(N-1) where N is the total 
number of observations. An unbiased es- 
timate of o,* is p(1—p)/( N—2). Another 
example is that of estimating the mean of a 
normal population with unknown variance 
by a confidence interval of width d and con- 
fidence coefficient 1—a. Stein has given a 
double sampling procedure ia which a first 
sample of fixed size no is taken and then a 
further sample of N—no observations is 
taken where N depends on the observations 
in the first sample. Reference is made to 
work of Girshick et al. for obtaining an es- 
timate of the unknown proportion p at the 
end of a sequential test on a binomial popu- 
lation. The author asserts that estimation 
formulas valid for fixed sample sizes are 
asymptotically valid for sequential sam- 


pling if the sample size is large. He develops 
a sequential estimation procedure for es- 
timating the mean of a normal population 
with unknown variance by a confidence 
interval of width d and confidence co- 
efficient 1—a. If t, is the normal deviate 
which has probability a/2 of being ex- 
ceeded, the rule is to stop taking observa- 
tions when s? the unbiased estimate of the 
variance is first less than or equal to 
l?n?/4t,2. Modifications of this rule are dis- 
cussed which reduce the error of the esti- 
mate. It is shown that the expected sample 
size corresponding to this procedure is ap- 
proximately 40% ,?/l?+-1+-ta/*. Similar re- 
sults are obtained for estimating the differ- 
ence between two means, and estimating the 
birth and death rates in a simple birth- 
death process. Finally it is conjectured that 
perhaps the main practical benefit to be 
derived from studying the properties of se- 
quential stopping rules is to assess the de- 
gree to which the usual fixed sample size 
estimation formulas are affected. GEORGE 
E. Nicuotson, Jr., University of North 
Carolina. 


Altman, Irving B., “Relationship between 
sample size and AOQL for attribute single 
sampling plans,” Industrial Quality Con- 
trol (January 1954), 29-30. 

A chart showing the AOQL values for a 
large variety of single sampling plans is pre- 
sented as a function of sample size and ac- 
ceptance number. GERALD J. LIEBERMAN, 
Stanford University. 


Bailey, Norman T. J., “The total size of a 
general stochastic epidemic,” Biometrika, 
40 (1953), 177-85. 

The author presents a stochastic treat- 
ment of the problem of estimating the num- 
ber (w) who will become infected if one in- 
fected person is introduced into a group of 
n susceptible individuals. Diagrams are pre- 
sented of the probability of w being in- 
fected for n=10, 20 and 40 and p=n/4, 
n/2 and n, where p is the ratio between the 
rate of removing infected people from the 
group and the infection rate. The average 
w is also computed. The results are ex- 
tended to the distribution of w for house- 
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holds, when n is small; formulas are given 
for n = 1(1)5. The author summarizes his 
results as follows: “The model used here is 
not adequate for diseases with short infec- 
tion periods, such as measles, but its ade- 
quacy for other infections requires testing.” 
R. L. Anpgerson, North Carolina State 
College. 


Bartlett, M. S., “Approximate confidence 
intervals,” Biometrika, 40 (1953), 12-19. 

The likelihood derivative, T=0L/00, is 
used to derive approximate confidence in- 
tervals for various @, assuming 7' is normal. 
An approximate correction for skewness 
(x:) of T is introduced, using T),= T-+A(T? 
—I), where I is o%(T). \ is approximated 
as —x3/6J*. Also if x;=0, a method is given 
to adjust for kurtosis. Three examples are 
presented. R. L. Anperson, North Caro- 
lina State College. 


Cohen, A. C., “Estimating parameters in 
truncated Pearson frequency distributions 
without resort to higher moments,” Bio- 
metrika, 40 (1953), 50-7. 

Using the method of moments, estimat- 
ing equations are obtained which involve 
only the first four sample moments in con- 
trast to the first six previously employed. 
The general case of doubly truncated four 
parameter distributions and special cases of 
doubly and singly truncated samples are 
worked out or their solutions indicated. It is 
pointed out that these equations can either 
be solved directly or by an iterative process. 
An example is worked out to illustrate the 
method and afford an evaluation of the 
technique. D. C. Hurst, North Carolina 
State College. 


Cox, D. R., and W. L. Smith, “The super- 
position of several strictly periodic se- 
quences of events,” Biometrika, 40 (1953), 
1-11. 

N sources, each producing events at 
regular intervals but with unequal periods, 
6;,t=1, 2,- ++, N, are pooled. This pro- 
duces a sequence of unequal intervals. The 
frequency distribution for these intervals is 
derived. There is a point frequency, Q, for 
the largest of these intervals, which is the 
same as the smallest of the 0;. A measure 
of the interval variability, displayed in a 
variance-time curve, can be used to dis- 
tinguish the given sequence from a random 
sequence. Approximate procedures are 
given for large N. 

Finally given a pooled sequence, a meth- 
od is available to estimate the number of 
sources, N. 

Three examples are given. This reviewer 
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could not check the results for Q. R. L. 
Anverson, North Carolina State College. 


Craig, C. C., “Some remarks concerning the 
Lot Plot Plan,” Industrial Quality Control 
(September 1953), 41. 

The author presents a non-technical eval- 
uation of Dorian Shanin’s Lot Plot Plan. 
He discusses three main points: 

> —_ misuse of lot plot for process con- 

trol. 

2. The severity of the operating charac- 

teristic curve of the Lot Pilot. 

3. The dependence on histograms. Grr- 

ALD J. LIEBERMAN, Stanford University. 


Craig, C. C., “Note on the use of fixed num- 
ber of defectives and variable sampling 
sizes in sampling by attributes,” Indus- 
trial Quality Control (May 1953), 83-86. 


Under the assumption that samples are 
taken with replacements from small lots or 
that lots are large enough so samples taken 
without replacement will behave effectively 
as if they had been taken with replace- 
ments (infinite lots), the author examines 
the problem of attribute sampling where the 
random variable is the number of items 
sampled, n, before a fixed number, m, of 
defectives are found. A control chart based 
on the random variables n/m or n is pre- 
sented. Grratp:J. LieperMAN, Stanford 
University. 


Craig, C. C., “On the utilization of marked 
specimens in estimating populations of fly- 
ing insects,” Biometrika, 40 (1953), 170-76. 

An observer catches butterflies, marks 
them and then releases them. This is re- 
peated ¢ times in a given area and the num- 
bers of butterflies caught one, two,... 
times are recorded. Five methods are used 
to estimate the total number (n) of butter- 
flies in the area, three assuming a truncated 
Poisson distribution and two a special dis- 
tribution due to Stevens. Approximate var- 
iances are obtained for each estimate. 

Two worked out examples are included, 
plus the results of 14 other catches. The 
author uses x? to test the agreement be- 
tween actual and expected frequencies and 
finds 15 significance probabilities >50% 
and the 16th >30%. R. L. AnpERson, 
North Carolina State College. 


Evans, D. A., “Experimental evidence con- 

cerning contagious distributions in ecol- 

ogy,” Biometrika, 40 (1953), 186-211. 
The frequencies for a variety of counts 


made on English and American plant spe- 
cies, insects and larvae and moth eggs are 
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fitted to three different theoretical con- 
tagious distributions: negative binomial, 
Polya-Aeppli and Neyman Type A. The 
mathematical formulae for fitting are in- 
cluded. For each distribution, two methods 
of computing are compared: (i) use of sam- 
ple mean and variance, (ii) use of sample 
mean and proportion of zeros. A method of 
selecting between (i) and (ii) is presented. 
The Neyman Type A seemed to be best for 
the English plants, the negative binomial 
for the insects and moth eggs, and none of 
the three seemed to be satisfactory for the 
American plants. 

Agreement between actual and expected 
distributions is tested by two statistics 
originally advanced by Anscombe. The 
usual x2-test for frequency data is also used, 
but this reviewer notes a tendency to pool 
too many classes on the tails. The Anscombe 
statistics seem to be more sensitive to aber- 
rations from theory than is the all-purpose 
x*-test. R. L. Anperson, North Carolina 
State College. 


Fisher, Walter D., “On a pooling problem 


from the statistical decision viewpoint,” 
Econometrica, 21 (1953), 567-85. 

The problem posed is that of finding a 
logical basis for grouping a set of K random 
variables into a set of G subgroups (@S K). 
A procedure is outlined which places this 


problem in the framework of statistical de- 
cision theory. With a proper specification of 
the random variable and with the explicit 
recognition of additional assumptions and 
conditions, the logical subgrouping is deter- 
mined from the observed sample data. 

The following formulation of the general 
problem is offered. A sample (m,°°-, 
zx) consists of one observation drawn inde- 
pendently at random from each of K dis- 
joint “cells.” The random variable z; has 
expectation 6;, variance o;?, and a measure 
of importance 2;. The 6; are unknown, the 
o;? and 7; are known positive numbers. The 
problem is to arrange*the set of K cells 
into G mutually exclusive subgroups ac- 
cording to some partition P, and to choose 
a decision vector tp= (tp, * * * ,txp), where 
tip denotes a decision number or “estimated 
characteristic” of that group to which the 
cell 7 is assigned by partition P (¢;p for cells 
i assigned to the same group will be iden- 
tical). Conditions may be imposed limiting 
the number of subgroups G and also the 
partitioning procedure. There remains a 
number of theoretically admissible alterna- 
tive partitions and a number of possible 
decision vectors for each partition. A 
choice of the optimum decision vector ¢* in- 
volves the multiple choice of an optimum 
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partition P* and an optimum set of decision 
numbers ¢;p*. Following decision theory a 
loss function W(0, tp) is defined which 
measures the cost incurred by making the 
decision tp when the true parameter point 
is 06. The vector ¢* is determined as the set 
of decision numbers which minimizes the 
expected value of W over the domain of 
possible samples. 

The procedure is formulated in specific 
terms with reference to the following hypo- 
thetical problem: A public price control 
agency is assumed to have the task of 
setting selling prices for a given com- 
modity. The commodity is sold in K inde- 
pendent markets, each with a linear demand 
function of the form p;=20;—(1/7m)qi, 
where 7; is price, q; is quantity sold, and 7; 
is a positive number, ((=1,---, K). It is 
assumed that the price control agency in 
setting prices is guided | by two conflicting 
policies: (1) to be “fair” to sellers, and (2) 
to attain low administrative costs. Admin- 
istrative costs are assumed known and are 
assumed to increase with the number of 
different prices set by the agency. A meas- 
ure of “unfairness” to sellers is assumed in 
the present problem to be represented by 
the departure of actual realized returns 
under adminis ered prices from maximum 
realizable returns under free market prices. 
Under the conditions assumed the expres- 
sion for the loss function becomes W(8, t) 
=cegt Liar“ 2; (tp — 0;)2, where the first term 
on the right represents total administrative 
costs incurred if G different prices are set 
and the second term represents aggregate 
returns sacrificed by sellers as a result of 
the administered prices t;p. 

Apart from the price agency illustration 
but assuming a loss function of the same 
specific form, stochastic properties are 
ascribed to the set @ and a risk function 
(expected value of the loss) defined. A limit- 
ing Bayes solution to the decision problem 
is derived (and presented in an appendix) 
under the assumption of a sequence of a 
priori distributions of @ having constant 
density and increasing range. It develops 
that the optimum decision procedure ¢* is 
the following: For a sample z (in the price 
agency problem 2; is estimated equilibrium 
price in market ¢) select for each value of G 
(number of different administered prices) 
the admissible partition Pg* of the K cells 
(independent markets) which minimizes the 
quantity ‘Sp= 2Di%x;(2;—Zir)*, where Zip 
is a weighted sample group mean. The 
weighted means of the sample observations 
within groups formed by the optimum par- 
tition for a specified G give the optimum 
set tg*. Denote the above sum of squares 
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corresponding to P* for a specified G by 
Se*. Then the optimum set é* is given by G 
which minimizes (cg+S¢*). 

This solution is applied to sample data on 
retail prices of fresh tomatoes in nineteen 
independent retail markets in California. In 
this numerical example restrictions are 
placed on the partitioning procedure which 
limit the number of admissible partitions 
for each G greater than 1, and @ itself, 
limiting the maximum number of different 
administered prices to 4. In addition, a 
schedule of administrative costs cg is as- 
sumed forG=1,-- - , 4, and 2; is assumed 
uniform for all markets. The resulting opti- 
mum set of administered prices is presented. 
It turns out that the optimum number of 
different prices in this case is 4, the maxi- 
mum allowable. 

In a concluding part the author offers 
some comments with respect to limitations 
and possible extensions of the proposed 
pooling procedure and discusses briefly the 
relation of the pooling problem to certain 
other subjects such as the problem of aggre- 
gation discriminant analysis, classification 
problems, and factor analysis. Ivan M. 
Lee, University of California. 


Fox, Karl A., “A spatial equilibrium model 
of the livestock-feed economy in the 
United States,” Econometrica, 21 (1953), 
547-66. 

In this paper the author obtains numeri- 
cal solutions for a ten-region spatial equi- 
librium model for feed grain of the type 
formulated by P. A. Samuelson in “Spatial 
Price Equilibrium and Linear Pro- 
gramming,” The American Economic Re- 
view, June, 1952. The problem is not formu- 
lated explicitly in a statistical estimation 
framework, although actual data and ap- 
proximate relations derived from actual 
data are employed in the computations. The 
paper serves primarily to illustrate unique 
numerical solutions to the spatial equi- 
librium model for a particular simplified 
formation of the problem and under alterna- 
tive assumptions regarding the magnitudes 
of certain variables entering the model. 

Quantitative results showing regional 
equilibrium prices, net trade, and regional 
patterns of trade for conditions with respect 
to freight rates, feed supplies, livestock 
numbers, and livestock prices approximat- 
ing those for 1949-50 are shown. Solutions 
are also shown for two alternative sets of 
conditions: (1) Conditions like 1949-50 ex- 
cept that freight rates are assumed uni- 
formly 50 per cent higher and (2) conditions 
like 1949-50 except that feed supplies are 
assumed lower in tho Corn Belt and North- 
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ern Plains regions by 30 per cent and 75 per 
cent, respectively. An “application to fore- 
casting” is also illustrated, which differs 
from the problem solved for 1949-50 condi- 
tions only in that July, 1947 forecasts and 
December, 1947 estimates of feed grain pro- 
duction are used in arriving at regional feed 
grain supplies. Ivan M. Lee, University of 
California. 


Gulde, Harold J., “Acceptance sampling by 
variables using the range,” Industrial 
Quality Control (November 1953), 18-25. 

Formulas and charts are presented for 
constructing variables sampling plans using 
the range and average range. The results are 
based upon the Normal approximations. 
Geratp J. LigsperMan, Stanford Uni- 
versity. 


Horsnell, G., “The effect of unequal group 
variances on the F-test for the homogeneity 
of group means,” Biometrika, 40 (1953), 
128-36. 

The author extends the 1951 investiga- 
tious of David and Johnson (Biometrika, 
38: 43), using four groups in a single 
classification analysis of variance. Most of 
the computations are based on three equal 
within-group variances with a fourth vari- 
ance three times as large. Assuming equal 
group means, the actual significance prob- 
abilities corresponding to nominal 5% and 
1% significance levels of F are obtained for 
equal and various combinations of unequal 
numbers of observations per group. 

The power of the usual F-test to detect 
one divergent group mean (out of the four) 
is approximated both when the variable 
group has and has not the divergent mean. 

The author summarizes his results as 
follows: If there is no very clear informa- 
tion as to heterogeneity, use equal group 
frequencies. If it is known that one group 
is more variable, make sure that this group 
does not have less observations than the 
others; if possible, take a few extras in this 
group. 

An alternative to the usual F-test is also 
mentioned. R. L. ANpgeRson, North Caro- 
line State College. 


Kamat, A. R., “On the mean successive dif- 
ference and its ratio to the root mean 
square,” Biometrika, 40 (1953), 116-27. 

Given a sequence of n normal variates 
{ X;} with means {y;} and common variance 
o*, The mean successive difference is 


a |x — win | 


d= 
tal n-1 
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The first four moments of d/o are derived 
when all w:=yu. The standard deviation, 
f, and B values of d/o are tabulated for 
n=3 (1) 10(5) 30, 40, 50; a type I Pearson 
curve was used to obtain approximate 
upper and lower 4, 1, 24 and 5% percentage 
points. Exact results are available for n=3. 
Empirical sampling was used to check some 
results. 

The usefulness of d over the standard de- 
viation, s, is shown when the ,; shift. 

The distribution of W=d/e is considered 
when all y=; its mean, standard devia- 
tion, 6; and f. values are given for n 
=5(5)30, 40, 50. Approximate percentage 
points are also presented. R. L. ANDERSON, 
North Carolina State College. 


Kamat, A. R., “Incomplete and absolute 
moments of the multivariate normal dis- 
tribution with some applications,” Bio- 
metrika, 40 (1953), 20-34. 

Given n normal variates, {z;}, with zero 
means and given variances and covariances. 
Absolute moments are moments of {|2;| }. 
Exact results are given for n=2, 3, and 
power-series for derivations when n>3. 
These results are applied to the distribution 
of T = 2|z;|, using Pearson-curve approxi- 
mations. R. L. ANpERsoN, North Carolina 
State College. 


King, E. P., “Estimating the standard de- 
viation of a normal population,” Industrial 
Quality Control (September 1953), 30-33. 

The efficiency of various estimates of the 
standard deviation of a normal population 
is presented when nk observations are 
grouped into & subgroups of n observations. 
Geratp J. LizsperMan, Stanford Uni- 
versity. 


Latscha, R., “Tests of significance in a 2X2 
contingency table: Extension of Finney’s 
table,” Biometrika, 40 (1953), 74-86. 

Finney’s 1948 table (Biometrika, 35: 148) 
for making exact tests of independence in a 
2X2 contingency table with fixed border 
totals is extended through A=20. This 
table is of the form 








Number of 





Successes | Failures 





Series I a 
Series II b 


Total 


A-a 
B-b 














A+B-r 
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The experimenter defines a success and 
Series I such that A2B and a/A2=b/B. 
For a given A, all combinations of B and a 
are included which will give a significant 
result, where the significance probabilities 
are a=.05, .025, .G1 and .005 (one-tailed). 
For each combination of A, B and a, the 
author gives the value of b (<a) which is 
just significant at the a-level, b,, and the 
exact probability that bSb,, for a given A, 
B and r. R. L. Anperson, North Carolina 
State College. 


Lindley, D. V., “Estimation of a functional 
relationship,” Biometrika, 40 (1953), 47-49. 

It is desired to estimate a and 8 in the 
linear model V=a+$8U, where the only 
observations on U and V are subject to 
error and all distributions are normal. U 
and V are allowed to be either mathematical 
variables or random variables. If the ob- 
servations on one of the variables are at pre- 
determined fixed points, the so-called “con- 
trolled” observations, it is demonstrated 
that the estimating equations for a and 8 
can be obtained in the usual way. This re- 
sult also applies if these “controlled” ob- 
servations are allowed to be random. If 
there is no “control” on either set of ob- 
servations, the estimation is deemed impos- 
sible without recourse to supplementary 
information. D. C. Hurst, North Carolina 
State College. 


Moore, P. G., “A sequential test for random- 
ness,” Biometrika, 40 (1953), 111-15. 

Given a sequence of observations, where 
each observation falls into one of two alter- 
native categories. A sequential procedure is 
presented for testing the hypothesis, Ho, that 
these observations occur in random order, 
against the alternative H, that there is de- 
pendence of the kind found in a simple 
Markoff chain. The procedure is illustrated 
with annual rainfall data. C. E. Gates, 
North Carolina State College. 


Scheffé, Henry, “A method for judging all 
contrasts in the analysis of variance,” Bio- 
metrika, 40 (1953), 87-104. 

The author presents and proves the 
validity of a method for making further in- 
ferences about the contrasts among a set of 
true means or main effects yu, fe, ° * * , Mk, 
following the rejection of the hypothesis 
H:ui:=uo= ++ * =u by the conventional 
F-test with k—1and v degrees of freedom in 
the analysis of variance. The method is 
based on a probability statement concern- 
ing the infinite totality of contrasts of the 
type 
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k 
0 = 2 cms 
1 
where the c; are any known constants, satis- 
fying the condition 


k 
>» Gg = 0. 
rn 
If the assumptions usual in the analysis of 
variance hold and 6 and @@ denote the esti- 


mates of @ and the variance of 6, then it is 
proved the probability is l1—a@ that the 
values @ of all possible contrasts simultane- 
ously satisfy 

0 — Sop 5050+ Sop (1) 
where S? is k—1 times the upper a point of 
the F-distribution with k—1 and v degrees 
of freedom. The result holds for any values 
of the unknown parameters. The result 
may be used for the interval estimation of 
any contrast of interest or to declare any 
estimated contrast “significantly different 
from zero” or not, according as the corre- 
sponding interval (1) excludes @=6 or not, 
contrasts suggested by the observed means 
i included. 

A method has been prescribed by Tukey 
for the special case where all the ji; have the 
same variance and all pairs ji;, i; (t#7) have 
the same covariance, and where there is 
interest in only a subset of the totality of 
contrasts, namely the (1/2)k(k—1) differ- 
ences 4i;—yj. This latter method is shown 
to have greater sensitivity in this situation 
than the method based on (1) in the sense 
that the confidence intervals are shorter. 

The author examines the operating char- 
acteristic of the method by determining (i) 
the probability that all contrasts whose 
true values are zero would be declared “not 
significantly different from zero,” and (ii) 
the probability that all normalized con- 
trasts whose true values are greater in 
absolute value than some specified bound 
will be declared “significantly different 
from zero.” D. G. Horvitz, North Caro- 
lina State College. 


Stevens, W. L., “Tables of the angular 
transformation,” Biometrika, 40 (1953), 
70-73. 

The angular transformation is defined as 

@ = 50 — 4/1000 arc sin (1 — 2p), 
where p is the estimated proportion for a 
binomial population. Values of @ are given 
to 3 decimal places for 
p = 0(.0001).02(.001).5, 

and for selected proper fractions. R. L. 
Anprrson, North Carolina State College. 


Stuart, A., “The estimation and comparison 
of strengths of association in contingency 
tables,” Biometrika, 40 (1953), 105-10. 

A modification of Kendall’s rank correla- 
tion coefficient, t-, is proposed for measuring 
strength of association between two char- 
acteristics in an rXe contingency table. 
Conservatively approximate confidence lim- 
its are set for the population association. 
An approximate test is provided for the 
difference between the coefficients cal- 
culated by this method for two rXs con- 
tingency tables. The coefficient used is 

n-1 m 
i= ta 
n m-—1 
where ¢, designates Kendall’s coefficient of 
rank correlation. S. We1ner, North Caro- 
lina State College. 


Tanner, J. C., “A problem of interference 
between two queues,” Biometrika, 40 (1953), 
58-69. 

Imagine a bridge of certain length AB 
only wide enough to admit a single lane of 
traffic, with traffic arriving at both ends. 
Vehicles V; arrive at A at random and at 
an average rate gq: per unit time. A par- 
ticular V; takes time a to cross AB, but 
may enter AB only provided no V; vehicle 
is in AB, and if no other V; vehicle has 
entered AB during the previous time 6). 
Similar sets of conditions, a, and fz affect 
the V2 vehicles arriving at B. The mean de- 
lay time wm, and we for a: >; and a2>8e is 
obtained as a function of t; and te, the time 
for a block of V: or V2 vehicles to cross, and 
r,; and re, the number of vehicles waiting to 
enter the bridge. Explicit solutions are made 
available for the special cases 82=0 and {; 
=f:=0. Further applications to the prob- 
lems of delays in crossing or entering a heav- 
ily travelled artery are described, and de- 
lays due to intersecting lines of traffic dis- 
cussed. Two short tables are included, giv- 
ing the values of Wi for Bi =62=0, aQ|=ae= 1 
and for we when ae=f2=0, a =1. J. S. 
Hunter, North Carolina State College. 


Whitfield, J. W., “The distribution of total 
rank value for one particular object in m 
rankings of n objects,” The British Journal 
of Statistical Psychology 6, part 1 (1953) 35-40. 

The title clearly indicates a class of prob- 
lems not appropriately handled by Ken- 
dall’s treatment of the general m ranking 
problem. As an illustration one can consider 
a situation in experimental social psychol- 
ogy where one person in a group isinstructed 
to play a predetermined role and each of 
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the other members of the group is asked to 
rank his fellow members (including the ex- 
perimental person) in connection with cer- 
tain characteristics. Under the assumption 
that for the first ranking each value (1, 2, 

*, n) has equal probability the fre- 
quency distribution for m rankings of n 
objects is constructed; the mean total rank 
value is 4 m(n—1), its variance is [m(n* 
—1)]/(12),  Bg=3—(6)/(5m) — (12) /[5m(n? 
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—1)]. Tables of exact probability values 
are given for m and n up to 8. For higher 
values of m or n [|Total Rank Value—4 
mn — 1) | = 1/2) is ap- 
proxima deviate. For exam- 
ple, if eight Rotor rank seven objects, and 
the experimental object has a total rank 
value of 43; the approximation gives P= 
.0318 against the exact value of .03113. 
Hersert Soromon, Columbia University 
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Introduction to the Theory of Statistics. Victor Goedicke. New York: Harper and 
Brothers, 1953. Pp. xii, 286. $4.50. 


BernarD L. Wetcu, University of Leeds, England 


5 ps present text sets out the fundamentals of statistical method in a 
sound and readable manner and can be recommended to students who 
are starting upon the subject from the very beginning. 

Since no use is made of the calculus the author is often forced to be purely 
descriptive and to dispense with much theoretical justification. This seems 
to be inescapable when only a small prior knowledge of mathematics is as- 
sumed. The reader is not even required beforehand to be familiar with the use 
of logarithms and with simple graphs. Sections are devoted to these topics at 
appropriate points as they are needed. I feel, myself, that writers of elemen- 
tary books on statistics should not be expected to go so far as this in remedying 
deficiencies in the mathematical equipment of their readers. If a student has 
not already at least some facility with graphs and logarithms then he is, I 
believe, ill-advised to start to grapple with the theory of statistics at all. 

The decision of the author to include sections on permutations and ele- 
mentary probability, however, is not open to the same criticism and his intro- 
duction to these topics is admirable. In his treatment of frequency distribu- 
tions, the expression of frequency as a proportion per ¢ unit (where t=(zx 
—#)/c) leads on naturally to the standard normal curve as a graduation of 
frequency distributions arising in many different practical contexts. Some 
theoretical justification of the general use of the normal curve is attempted 
by including a numerical investigation of the limiting behavior of the bi- 
nomial distribution. This section, however, makes more difficult reading than 
the rest of the book and could possibly be simplified in places. 

The treatment of correlation is excellent, the emphasis rightly being placed 
on the square of the correlation coefficient rather than r, itself—the idea 
being to stress that the important factor is the fraction of the variance ac- 
counted for by a straight-line relation. Multiple correlation is dealt with again 
from the same angle and the examples used to illustrate it are well-chosen. 

The introduction to the sampling variability of such simple statistics as a 
sum, a difference, and a mean value is clear and leads on to the general prob- 
lem of testing statistical hypotheses where, however, some statements are 
made which are open to criticism. For instance in an inquiry where the ef- 
fects of two drugs on the period of convalescence after illness are being com- 
pared, the author gives an example where the probability is 0.0018 that a dif- 
ference between drug-means greater than the one observed could have arisen 
on the null hypothesis. He goes on to deduce that “the available evidence 
indicates that the probability that the drug does not affect the duration of 
convalescence is only 0.0018, while the probability that it does affect dura- 
tion is 0.9982.” Such a statement as this is certainly unwarranted and some- 
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thing more by way of explanation seems to be called for at this point. One 
must grant, of course, that it is somewhat difficult to explain in an elemen- 
tary fashion what the interpretation of the figure 0.0018 should be. The de- 
votion of more space to the clarification of this general problem of testing 
hypotheses would not be a waste, however, for as they stand, the sections on 
this topic suffer by reason of compression. 

The concluding section of the book draws attention to certain common- 
sense viewpoints which the novice is apt to overlook. 

The standard of printing is high throughout and altogether this is a useful 
addition to the texts already available on the elementary parts of statistical 
theory. 


Statistical Inference. Helen M. Walker and Joseph Lev. New York: Henry Holt 
and Company, 1953. Pp. xi, 510. $6.25. 


PautMER O. Jonnson, University of Minnesota 


7 text is written primarily for non-mathematical students. The com- 
plete text is planned for a course two-semesters in length. The problems 
connected with writing text-books for the type of students specified are par- 
ticularly difficult if the responsibilities of the author(s) are to be fulfilled. 
There is the problem of what mathematics can be assumed on the part of the 
reader. A second problem resides in the selection of content. Since texts of 
the kind discussed here are written for those who are to become practitioners 
or research workers, the most important statistical procedures must be de- 
scribed and the computational problems arising must be discussed. The meth- 
ods must also be illustrated with representative examples from the field or 
fields of application, usually with the particular fiela with which the author 
is familiar. There is likewise the selection of problems to be solved by the 
student for testing his understanding of the theory and methods. The writer 
of texts for non-mathematical students is under particular obligation to 
describe rigorously and to indicate in his own illustrations the assumptions 
to be fulfilled if the procedures are to be validly applied. This is particularly 
important in a book whose readers lack the knowledge necessary to check the 
author’s statements. 

Unfortunately there are no properly designed experiments to test the ef- 
ficacy of text-books on modern statistical methods. It is, therefore, difficult 
to make criticisms that are completely objective. Most statisticians have 
strong convictions not only on the relative importance of various statistical 
procedures but also on how mathematical (even for non-mathematical stu- 
dents) a text-book should be. 

In the reviewer’s judgment, the authors of this text have in general suc- 
ceeded in writing a text that reaches a high level of attainment in meeting the 
criteria suggested above. 

The mathematical requirements would be chiefly met by a good command 
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of arithmetical and algebraic processes. There is considerable use of proba- 
bility symbolism, multiple subscripts, multiple summation, and specified lim- 
its of summation. In this connection, well stated explanations and practice 
exercises in the processes involved are provided. With respect to previous 
statistical training, the student with good ability and familiarity with sym- 
bolism can acquire the elementary calculation processes, such as calculation 
of the mean, standard deviation, regression, and correlation from the treat- 
ment in the text. 

Skilful use is made of intuitive reasoning and of effective graphical devices 
for developing a functional understanding of statistical concepts and proc- 
esses underlying statistical inference. 

The nature of statistical inquiry is introduced in Chapter 1 by a simple 
experiment. Chapter 2 lays the basis for a more formal treatment of probabil- 
ity and its role in statistical inference. Fundamental concepts are introduced, 
such as variable, population, probability, random observation, probability 
distribution, independence, elementary laws of probability, parameter, and 
statistic. Particular application is made to the binomial distribution. Chap- 
ter 3 extends the concepts and methods of statistical inference to the types of 
problems encountered in the use of the binomial model. An unusually clear 
exposition is given of such fundamentals as sampling distributions, critical 
regions, levels of significance, point and interval estimation, tests of alterna- 
tive hypotheses, power of a test, one- and two-tailed tests, and the two types 
of errors. Turning to Chapter 4 an extension is made of the previously de- 
veloped concepts from the binomial to the multinomial populations comprised 
of several discrete classes. The content deals mainly with chi-square, its sam- 
pling distribution, properties, the chi-square curves and tables. A number of 
applications are made, emphasizing calculations and interpretation. No men- 
tion is made of the criticisms and limitations of the chi-square test of “good- 
ness of fit,” particularly that the power of the test to detect disagreement 
between hypotheses and observations is determined largely by the size of the 
samples. 

In Chapter 5 and in subsequent chapters consideration is given to problems 
in inference involving continuous variables. Certain general concepts under- 
lying distribution of a continuous variable are developed. Notions of the 
parent population, unbiased estimates, and a test of normality are included. 
Chapter 6, on sampling distributions, presents a number of empirical distri- 
butions of commonly used statistics. The frequency distributions of various 
statistics are plotted and the mathematical curves superimposed. Considera- 
tion is given to statistics following the chi-square, student’s t, and the F- 
distributions. The property of independence of statistics is well portrayed 
by plotting the joint frequency distribution of the means and standard 
deviations of samples from a normal population. Chapter 7 presents methods 
for testing hypotheses and for estimating population means and differences 
between means of two populations. The test of alternative hypotheses is 
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especially well treated including the graphical interpretation of the power 
of a test. Limited consideration is given to the design of samples in surveys. 
Estimates for the mean and variances are given for stratified and cluster 
samples. Along similar lines Chapter 8 considers the problems of inference 
concerning variances and standard deviations of normal populations, Special 
consideration is given to the use of the tables of the F-distribution. Bartlett’s 
and Hartley’s tests for the equality of variances of several samples are applied 
to practical problems. There is also a test for differences between variances 
of correlated measures. 

Chapter 9 presents some of the simpler applications of the analysis of 
variance. A k-sample problem of testing the equality of means is illustrated 
in an experiment designed to determine if order of shooting three different 
ranges in archery had any effect. The underlying mathematical model is 
specified including assumptions. In this connection it would have been de- 
sirable to carry out the tests of normality and of equality of variances rather 
than merely to indicate that these assumptions had been satisfied. The test 
of the equality of means is carried out by estimating the unknown population 
variance from the variation among the three sample means and from the 
variation among the archers within groups, then by taking the ratio of the 
two estimates, the variance ratio, or F, as the test statistic. This approach 
makes it difficult for students to perceive why these sums of squares were 
selected. The approach through stating the mathematical model in algebraic 
form or in the form of a linear hypothesis seems to be more informative. 
It would entail the use of the method of least squares or of maximum likeli- 
hood to obtain the appropriate sums of squares. In this chapter there is an 
excellent explanation of the form of the F-distribution, including curves of 
the sampling distribution of F and 1/F. 

In Chapter 10 methods of statistical inference are applied to bivariate 
data. A mathematical model for linear regression and the sampling distribu- 
tions of statistics in linear regression are presented as the bases for testing 
hypotheses and for interval estimation of parameters. The bivariate popula- 
tion model and the normal bivariate population model are treated. The dis- 
tribution of the product moment correlation coefficient is described. Tests 
of hypothesis about p are carried out and confidence intervals for p set up. 
There is another chapter (Chapter 11) given to other measures of relation- 
ship. The chief contribution here is a test of significance for point-biserial-r 
and a brief summary of Tate’s unpublished study comparing bi-serial and 
point-biserial-r. 

Chapter 12 is devoted to the statistics of measurement. This chapter 
should serve to bring to the attention of the research worker the importance 
of errors of measurement particularly in tests of significance and in estima- 
tion. Most of the content of this chapter is of long standing and indicates 
how little workers in this field have been influenced by the developments in 
modern statistical inference. Most of the old algebraic formulations are 








382 AMERICAN STATISTICAL ASSOCIATION JOURNAL, JUNE 1954 


reported in this chapter. Perhaps an opportunity would have been afforded 
to report some beginnings that have been made and other help that could 
be had from ideas and developments in statistical inference. Examples are 
Wilk’s Lm. criterion for parallel tests, Votaw’s test of compound symmetry, 
component mean square analyses in regression problems, the practical sam- 
pling problems of reliability and validity, and the uses that are beginning 
to be made of information theory in mental test theory and construction. 

Chapter 13 gives a lucid explanation of the methods and interpretation of 
multiple regression and correlation. Illustrations are given of the Doolittle 
method and Fisher’s modification of the Doolittle method in obtaining a 
multiple regression equation and tests of significance. There is no considera- 
tion in this or other chapters of other methods of multivariate analyses. Thus 
the discriminant function designed for obtaining the best system of weights 
of various independent variables for distinguishing among groups of indi- 
viduals is not treated, nor are such methods discussed as Hotelling’s 7’ for 
testing the significance of the difference between means of multivariate 
_ normal populations, and methods of classification of an individual based on 
a number of measurements into one of several categories. Examples of the 
latter methods are the generalized distance function and the statistical de- 
cision function. 

In Chapter 14, the analysis of variance is extended to the analysis of two 
or more variables of classification. This chapter bases its discussion around 
data derived from studies employing modern experimental designs. In fol- 
lowing through the analysis of the designs presented, the student should 
gain a realistic conception of the role of statistics in the analysis of the data 
from modern designs. It would have been desirable to have given more ex- 
planation to the role of statistics in the planning stage of the design and 
greater emphasis to the functions of randomization and replication. 

A few points of criticism will be made to an otherwise admirable chapter: 
On p. 349, uw in H, and H, appears to be the same value, which in general is 
not true unless the value is zero. On p. 354, the test of the hypothesis that 
the mean of the 4 diagonal cells is equal to the mean of the 12 non-diagonal 
cells by means of the ié-test is not valid unless probability corrections are 
made. The latest proposals for the solution of this problem are the analyses 
suggested by Scheffé and by Tukey. There is no explanation in the text of the 
origin of expected mean squares in tables 14.6 and 14.12. Nor is any state- 
ment made tying these values up with Model II of the analysis of variance. 
On p. 363, recognition is given to the circumstance that when several meas- 
ures are obtained from the same individual, the measures are likely to be 


correlated. It is not clearly indicated how, if at all, the effecta of the corre- 
lated observations have been removed. 


Chapter 15 gives special consideration to the use of the analysis of co- 
variance in group comparisons on one variable when information is available 
on another or on several other variables which are correlated with it. Skilful 
demonstration is given by the analysis of data from a number of important 
research problems in this area. 

In Chapter 16, certain special uses of percentiles are illustrated in analysis 
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leading to inferences. In Chapter 17 several useful transformations are dis- 
cussed. The final chapter discusses and illustrates the use of a number of 
non-parametric methods in testing hypothesis and in setting up confidence 
intervals. 

The book has an exceptionally large number of useful tables and charts 
(20 in all), besides a table of squares, square roots, and reciprocals, a table 
of four-place logarithms, and one of random numbers. 

There is a five-page glossary of symbols. A detailed table of contents and 
a well-prepared index facilitate the location of items of interest. All but four 
of the chapters contain a list of references. 

Eleven of the chapters contain exercises for the student. They are most 
frequently interspersed within the chapter. These exercises are well designed 
to test understandings of terms, phrases, principles, symbols, formulas, use 
of tables, etc. Only three chapters contain exercises dealing with real data. 
To the reviewer, it seems that in courses for practitioners abundant oppor- 
tunity should be given to deal with real data—fictitious data do not often 
give experiences that will be met with in research. There are no such oppor- 
tunities in Chapters 14, 15, 17, 18, for example, which deal with the types 
of situations most often encountered in practice or likely to be used by stu- 
dents in their own research. These types of situations are likely to be most 
motivating and to develop an appreciation of the dynamic qualities of statis- 
tics. 

. In summary, the reviewer believes that this text will make a valuable con- 
tribution by elevating the plane of instruction in applied statistics. While the 
fields of application are chiefly in education and psychology, the book could 
profitably be used as a basic text in other fields. It will particularly appeal 
to instructors in the social science fields because so many of the current texts 
are written for students in biology and in agriculture. 


Statistical Methods in Experimentation: An Introduction. Oliver L. Lacey. New 
York: The Macmillan Company, 1953. Pp. xi, 249. $4.50. 


Oscar Kempruorne, Jowa State College 


ripe text is designed for use in a one-semester course in general statistics 
as applied to experimentation, and assumes one semester of college alge- 
bra as a background. The subject matter of the book is indicated by the 
chapter headings: The aim and problems of statistics in experimentation; 
Experimental design; Interpretation; Probability (I)—the probability of 
discrete events; Probability (II)—probability in a continuum; Three chap- 
ters on the normal distribution; Tests of significance of means and differ- 
ences between means; Enumeration data; Correlation; Regression; Fiducial 
limits; Experimental design; Appendix of tables. 

The plan of each chapter is to give first a general discussion of the matter 
under consideration, then examples, which are in the form of questions, and 
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answers to these examples, and finally problems for the student. The general 
form of the book, the level of discussion of topics, and the question-and- 
answer technique strike this reviewer as being very good and very appropri- 
ate to a first course in statistics for students with no mathematical back- 
ground. The format and general style are very clear and should not be a 
source of confusion or annoyance to the intended readers. 

A number of criticisms can, however, be made. 

With respect to the design of simple comparative experiments, the discus- 
sion is somewhat naive. The author states tha there are four general methods 
of controlling variation due to extraneous factors (1) elimination (2) equali- 
zation, (3) balancing, (4) randomization. The first two are never completely 
realizable, and the third is only realizable with special assumptions which 
may be very arbitrary. The basic fact is that the first three methods are 
valuable adjuncts to randomization and it is rare that randomization can 
be dispensed with. In any case if the physical act of randomization is not 
done the validity of the statistical inference is questionable as Fisher origi- 
nally stated. The combination of syster: and randomness in a design is little 
discussed, and this is perhaps the most important feature experimentally. 

The discussion of the size of experiment is made generally in terms of 
“minimal adequacy,” although the word efficiency is used occasionally. It 
would seem desirable pedagogically to conform to the usual use of the word 
“efficiency,” and to retain the notion of power instead of introducing a new 
notion. 

It would be desirable that all statistical texts make the distinction between 
regression relationships and functional relationships. Originally regression 
was a relationship in a multivariate population, but now is widely used for 
the relationship of y to z, where z is not a random variable. When one uses 
regression analysis on the growth curve of plants, one is really estimating a 
functional relation of growth (y) to age (x) and in this case there is no point 
in considering an underlying population of z values from which one has a 
sample. In a true multivariate situation one may be interested in correlation 
or regression, but in the functional relationship situation the correlation has 
no real significance. All the problems in the chapter on regression are the 
functional type. Uses of regression in multivariate populations could be 
discussed more fully, and examples given. 

The author acknowledges the stimulation of R. A. Fisher’s The Design of 
Experiments, but certain passages indicate that there is some confusion in 
the author’s mind on some basic questions. For example he gives as a sample 
question, “Does home economics training result in a better chance for 
marriage than arts college training?” And then gives the answer “This may 
be attacked experimentally by keeping comparative records for a number of 
years of home economics and arts college graduates. Obviously care would 
be needed to make groups truly comparable in respects other than academic 
training.” The reviewer disagrees entirely with this answer; the answer that 
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is given is not an answer to the question posed. The question posed can be 
answered strictly by giving girls home economics training or arts college 
training at random, without regard to their inclinations or anything else 
and then observing their marital success. The answer which would be ob- 
tained by the stated procedure is the answer to the question “Do home 
economics graduates have a better chance for marriage than liberal arts 
graduates?” The lack of appreciation of the difference between the question 
posed and the question answered appears to be rather widespread in the 
social sciences. Also there is a question about the answer: what is meant by 
“truly comparable?” The adjective “truly” appears to have taken on some 
mystic significance with some scientists and the use is better avoided. In 
addition the reviewer does not like the use of the word “experimentally” in 
the answer, in that one is merely observing an uncontrolled situation. Nor 
does the reviewer favor the use of “identical” in statements such as “we 
should present them (two drinks), therefore, in identical glasses” p. 3 (cf. 
the use of “equal” on page 18). 

Writing really good elementary texts in statistics is a very difficult job. 
The present book is a good attempt, and would be more than good if the 
defects mentioned above were corrected. 


Methods of Statistical Analysis in Economics and Business. Edward E. Lewis. 
Boston: Houghton Mifflin Company, 1953. Pp. viii, 686. $5.50. 


Z. Szatrowsk!, University of Buffalo 


I THE opinion of the reviewer, Professor Lewis has written a definitely 
good book on statistical methods in business and economics. He has done 
this by adding to the conventional material some of the fundamental con- 
cepts of modern statistical analysis. His discriminating selection of subject 
material and careful allocation of space according to the importance of basic 
topics enables him to cover more and get it across. The exposition (text, il- 
lustrations, and problems) is excellent. 

The organization of the book is reasonably conventional and departures 
from the pattern of the past are improvements. There are 686 pages, five 
parts and an appendix. Part I (pages 1-96), the introduction, discusses the 
purpose and problems of statistical methods. Also this section includes an ex- 
planation of graphs, tables, and “Statistical Numbers and the Problem of 
Accuracy.” Part II (pages 97-186) presents descriptive statistics for fre- 
quency distributions, i.e., measures of central tendency including the geo- 
metric mean, measures of dispersion, skewness, and kurtosis. The application 
of these descriptive statistics is explained clearly. The illustrations involving 
comparisons are very effective. In connection with this section, the reviewer 
would like to call attention to an inaccuracy in the specification of class 
limits and mid-points. The author’s presentation results in a bias. To il- 
lustrate, on page 67, Table 6, for weekly earnings recorded to two decimals, 
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the first class is given as 22.00-23.99 with mid-point 23.00. More accurately 
it should be 21.995-23.995 with mid-point 22.995. 

Part III (pages 187-298) is entitled “Statistical Inference.” Here are 
contained various tests of significance, for small as well as large samples, 
including the application of the F and x? Test. This section concludes with 
a discussion of quality control methods. In the reviewer’s opinion, this is an 
outstanding presentation. The problem of inference is given proper emphasis. 
The various applications, which in so many texts are scattered throughout 
the book, now appear in one section. The author succeeds in covering a great 
deal in this part because he has a logical unified organization of the material 
and because he develops each well-chosen illustration of inference just far 
enoug/: to present the idea clearly. 

Part IV (pages 299-370) very adequately discusses the subject of index 
pumbers, their construction, the problems, and current applications. Part V 
(pages 371-486) deals with time series analysis, trends, cycles, and seasonals, 
including the changing seasonal. This section is not involved but thorough. 
In connection with trend determination, the author includes a brief discus- 
sion of the use of transformations, so widely applicable in non-linear trend 
problems. Part VI (pages 487-649) is a clear presentation of correlation, 
multiple as well as simple, including tests of significance. 

The Appendix in this book contains a list of references, formulas, and 
tables of square roots and logarithms. Tables of the Normal, t, F, and x? 
distributions appear in the text where applications are discussed. 

The book contains an adequate number of problems which appear through- 
out the chapters to illustrate specific topics which the author has just dis- 
cussed. In general, the problems are well chosen and involve the minimum 
of calculation. The format of the book is in keeping with the high quality of 
the contents. 

An instructor using this book can expect his students to get much out 
of the text. Also he can expect many of his students to become interested in 
statistics. This book should enjoy success as a text. In addition, since it is 
easy to understand and relatively complete and up-to-date in its coverage, it 
should serve as a very useful reference book in business and economic sta- 
tistics. 


Sampling Inspection by Variables. A. H. Bowker and H. P. Goode. New York: 
McGraw-Hill, 1952. Pp. xi, 216. $5.00. 


H. C. Hamaker, Philips Research Laboratories, Eindhoven, Holland 


7 first thing one notices about a new book usually is its title, and it is 
therefore important that this title should convey a concise and correct 
impression of the content of the book it covers. The title of the book under 
review does not quite satisfy this criterion and I am afraid that many statis- 
ticians who ordered the book because of its attractive title, will feel slightly 
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deceived. For it does not bring a general and comprehensive survey of 
“sampling by variables” and the variety of problems involved; the book 
mainly describes “a particular system of sampling by variables” to be used 
where an attribute sampling plan according to the tables of Sampling Inspec- 
tion by the Statistical Research Group, Columbia University, or the Military 
Standard 105A is to be replaced by a variables sampling plan. 

The basic pattern of the sampling plans described is that given by Wallis 
in Chapter 1 of the Statistical Research Group’s Techniques of Statistical 
Analysis. The quality characteristic of the products inspected is sup- 
posed to be measurable on a variables basis; an upper or lower limit, U 
or L, is set, and we wish to control the percentage of items with a quality 
beyond one of these limits. To this end we measure a sample of n items, 
compute the average 2 and the standard deviation s from these measure- 
ments, and then require 


#+ks < Uor# —ks > L, (1) 


as the case may be, k being a constant to be chosen in relation to practical 
requirements. 

This single sampling technique is now supplemented with double sampling 
plans which are specified by three constants ka, k,, and k;, and two sample 
sizes, mn, and nz. When after the first sample 


2 + kasi < U, the lot is accepted; (2) 
and when 


2, + k,s, > U, the lot is rejected. 


Since k, <k, these conditions cannot be satisfied simultaneously. If neither 
of conditions (2) is satisfied, that is when 


4+ ks < U < & + kos, (3) 
we proceed to take a second sample, the requirement being that ultimately 
2. + kis, < U for acceptance (4) 


when 2; and s; are average and standard deviation computed from the pooled 
measurements of first and second sample. Sequential sampling according to 
a similar principle would become complex and inconvenient in practice, and 
has not been included for that reason. 

The above criteria hold if we assume the standard deviation o of the lot 
unknown and variable from lot to lot. If past experience has shown that o 
does not vary from lot to lot, known-sigma plans may be used by replacing 
s by o in inequalities (1) to (4) and modifying the constants k. 

Likewise a separate chapter is devoted to cases where we have to consider 
simultaneously an upper and a lower limit. 

The choice of a sampling plan according to these principles is facilitated by 
an extensive set of tables and charts, which have been arranged after the 
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model set by Sampling Inspection of the Statistical Research Group and its 
offspring the Military Standard 105A. 

After a choice has been made between three inspection levels, the plan is 
determined by lot-size and AQL-class. A full set of charts with operating 
characteristics of all sampling plans has been included, while additional 
tables are provided for finding the AOQL, or LTPD, and for deciding on 
tightened or reduced inspection. 

The text accompanying these tables gives full instructions as to their 
meaning and application. One chapter of 17 pages dealing with the theory 
requires considerable mathematical knowledge for its understanding, but 
all other chapters have been written in a simple and clear style, while mathe- 
matical formulas have been largely avoided. 

Yet despite the absence of formulas the text is mainly theoretical in 
concept, and many of the puzzles encountered in practice are not even men- 
tioned as the following examples may illustrate. 

The limits U or L, see above, are taken for granted, whereas it may often 
be an important preliminary step to decide by a statistical investigation 
whether they have been fixed in a reasonable manner. 

It is repeatedly stressed that a first step is to decide what is the item to be 
inspected. In most cases, however, this is obvious enough, but it is more diffi- 
cult to decide how the measurements are to be performed. For instance, in 
the case of metal sheets (pages 86-93) the thickness and Rockwell hardness 
may easily vary from the centre to the border of the sheets and if so it may 
be difficult to decide how and where the measurements have to be per- 
formed. Similarly special measures may sometimes be required to avoid 
systematic differences between different inspectors or apparatus. Such points 
have not been considered. 

The sample size for known-sigma plans is sbout one-fourth that for un- 
known-sigma plans. One of the most useful functions of a contro! chart used 
in combination with sampling by variables would therefore be to indicate 
when sigma is sufficiently under control for the use of known-sigma plans; 
but chapter 9 provides no guide on this point. 

In practice, lot sizes may vary considerably and sample sizes with them. 
But a control chart for varying sample sizes loses a great deal of its at- 
tractive simplicity and, therefore, of its technical importance. Hence if we 
are to derive full profit of the control chart technique in combination with 
sampling by variables a constant sample size may be of tremendous ad- 
vantage. We should not forget the Lot-Plot technique, which has taught us 
the practical value of a constant sample size, and a simplified technique for 
computing the standard deviation. 

On two points of methodology I disagree with the authors. 

The standard deviation of a sample is defined by 


ete Z(z — 2), ' 
V (n — 1) 
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using n —1 in the denominator instead of n as is more common. This, I think, 
is a happy change; in more advanced applications of statistics the concept 
of the number of degrees of freedom is so fundamental that it should be 
introduced at an early stage, if we are not to be led into considerable con- 
fusion and contradiction later on. But the standard error of s as defined 
above is 


a, = o/ V2(n — 1) 


and not o/./2n as stated on page 107; the factors B; and B, for control 
limits in table J should be corrected accordingly. 

More serious objections can, I believe, be raised against the techniques 
recommended on pages 62 and 63 for finding the process average. Let us 
suppose that the critical limit U is 20, and that we receive 19 lots with 
average »=17 and standard deviation o=1, and one lot with p=25, c=1; 
19 lots are completely good, 1 is completely bad, the process average is 5%. 
But if we pool these 20 lots into one grand lot, this grand lot will have an 
average up = 17.4 and a standard deviation o =2.0. 

Should we consider this grand lot to be normally distributed, we would 
conclude that the process average per cent defective is 9.7%, a gross over- 
estimate. It might be objected that nobody would ever consent to treat 
such a heterogeneous mixture of lots as one lot with a normal distribution, 
but this is exactly what is recommended on the pages cited. Samples drawn 
from successive lots are pooled into one grand sample, and the mean and 
standard deviation of this grand sample are treated as if they represent a 
grand lot with a normal distribution. This is only correct if the lots are under 
control, but then sampling inspection is not needed. Sampling inspection 
fundamentally applies where there is not sufficient control; in that case 
within-lot and between-lot variation should be clearly distinguished, and 
pooling of data from different lots is not permissible. The correct procedure 
is to estimate the percentage defective for each lot separately and average 
these percentages. 

Summing up them, where Military Standard 105A or the Statistical Re- 
search Group’s Sampling Inspection for attributes is to be replaced by sam- 
pling by variables, the reader will find in this book an immediate guide; 
while he who wishes to develop a system of his own, will find in it a great 
amount of information, which will be useful if combined with practical ex- 
perience and ingenuity. 


An Introduction to Statistical Science in Agriculture. D. J. Finney. New York: 
John Wiley and Sons, 1953. Pp. 179. $3.75. 


H. W. Norton, University of Illinois 


His little book has chapters entitled “The need for statistics,” “Some 
problems of rates and frequencies,” “Probability,” “Properties and uses 
of distributions,” “An experiment to compare two varieties,” “The reduction 
of error,” “Factorial design,” “Sampling,” and “Correlation and regression.” 





390 AMERICAN STATISTICAL ASSOCIATION JOURNAL, JUNE 1954 


In addition, there is a preface, a valediction, references, and index. Its object 
is “to impart a knowledge of the general principles on which statistical 
science is founded and of the manner in which it enters into so many agri- 
cultural problems... the emphasis throughout is on the principles illus- 
trated by the examples rather than on the arithmetic and algebra of 
calculation.” I am one of that group of statisticians (mentioned by Finney) 
who think the correlation coefficient is now of very trifling importance, es- 
pecially in an introductory book. This topic can hardly have much of the 
merit of familiarity attributed to it by the author, and the space devoted 
to it might better have been used to give a simple example of analysis of 
covariance. 

A number of formulas are given and used arithmetically, but there is no 
algebra nor other mathematics with the sole exception of the derivation of 
a formula for the sample number required to realize a specific confidence 
interval. Type, paper, and binding are good and there are few typographical 
errors. 

It is a curious fact that there appears to be a real need for nonmathematical 
books on statistics. That is, it is curious that there are many people who are 
established scientists, and many others offering to become scientists, who 
have so little mathematics (in spite of a great need thereof) as to warrant 
the preparation of severely nonmathematical books expounding an essen- 
tially mathematical subject. It is reassuring in a way, in the midst of current 
attacks on education in the public schools, accompanied sometimes by asser- 
tions that standards are higher elsewhere, to note that this book is based on 
(and presumably is the substance of) a “course of eight lectures... to 
undergraduates reading agriculture at Oxford.” I have long held the view 
that the research scientist’s most urgent statistical need is for an appreciation 
of the essential ideas of the design and analysis of experiments, and that 
those ideas can be appreciated without recourse to mathematics. Therefore 
I expect Finney’s book will probably have wide appeal, and it seems well 
suited to its purpose of conveying appreciation of principles. 

An important feature of the book is its stress on the relation between the 
research worker and the statistician, and the continual emphasis on the 
desirability of expert statistical advice at all stages of the work but especially 
before experimentation is begun. This culminates in the “Valediction,” with 
its twelve rules of respectable statistical conduct for research workers. The 
first is “When you propose to undertake an experiment or a sampling investi- 
gation of a kind that presents any novelty to you, consult a statistician at 
an early stage of your planning.” This will serve as an example while enabling 
me to point out my only substantial criticism of these rules, that the phrase 
“of a kind that presents any novelty to you” should have been omitted on 
the ground that recognition of relevant novelty will often require considera- 
tion by an experienced statistician. I was glad to find (p. 126) Finney’s 
observation, “even a year... is not an excessive margin, for consideration 
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of the relative merits of different designs takes a long time and is better done 
in short spells over a period than in a single concentrated effort.” How often 
the statistician has occasion to agree! 

There are a few statements to which exception must be taken, and which 
do not appear to be merely the result of such simplification (usually called 
oversimplification) as reasonably would be expected in such a book. The 
assertion (p. 25) that Yates’ “correction is always 3; and (p. 33) “applies 
only to 2X2 tables” may be defensible in a chapter which emphasizes 
contingency tables, but is likely to prove confusing to the novice who looks 
into more than this one book. The statement (p. 156) that the covariance 
“must always be intermediate in magnitude between” the two variances is 
wrong: it may not be larger in magnitude than the square root of the product 
of the variances. The statement (p. 102) that “both the smaller dressing of 
sulphate of ammonia and the ammonium humate gave yields significantly 
higher than that without nitrogen” may prove disconcerting to the careful 
reader, because the differences mentioned are exactly at the 5% point (fol- 
lowing Finney’s practices in rounding) for the comparison of yields in pounds 
per plot, but do not quite reach the 5% point for tons per acre, and retention 
of additional decimals leads to the conclusion that significance is reached 
only by accumulation of rounding errors. Occasionally the choice of words 
is inappropriate as (p. 75) the use of “indubitable” to describe the superiority 
of one variety to another after their difference of yield has proved significant. 
Some statements would be improved by minor changes, such as (p. 60) 
“conditions that are as alike as possible,” which is likely at once to coincide 
with the readers’ prejudice and to miss an opportunity to emphasize the 
potential importance of a proper distribution of effort in experimentation, 
would better say “as practicable” or. “as reasonably possible,” and (p. 68) 
“the difference is greater than would occur by chance” needs to say “would 
be at all likely,” so as to keep always before the novice the idea that any 
difference may have occurred purely by chance. I could not verify the 
probability near the top of p. 57, nor the fiducial limits on p. 159. There is 
a misprint in table 6.1, where the mean for block V should be 19.0; on page 
98, where the divisor in the formula for F should be 3.0; and on p. 168 the 
references are to table 9.3. 


Agricultural Prices. Frederick Lundy Thomsen and Richard Jay Foote. New 
York: McGraw-Hill Book Company, 1952. Pp. xi, 509. $6.50. 


L. J. Norton, University of Illinois 


His is a thorough revision of a 1936 book by the senior author. It is a 
text book intended for students principally in agricultural colleges. It 
bears the imprint of extended experience in teaching, government economic 
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research, and practical experience in business. It is divided into three parts: 

1. A review of simple economic principles, discussion of some materials, 
presentation of the elements of economic fluctuations, and an analysis of 
government price programs under the over-all heading of “price determina- 
tion and discovery.” 

2. Price analysis and forecasting. 

3. A series of commodity reviews, labeled “commodity prices.” The em- 
phasis is on simple, direct tools rather than on complex mathematical 
methods. 

Economic statisticians, particularly those engaged in commodity analysis, 
will find Section II of particular value. The chapters on commodity prices 
are not up to the standard of those in the first two sections in getting the 
problems into clear focus. 

The authors hold a hard-headed point of view with reference to the value 
of overly elaborate analysis in forecasting. Their point of view might be 
summarized: Get all the information you can out of the best analysis you 
know how to make. Test your results with all the logic and common sense 
you have. Apply them with judgment and be on the alert for facts not used 
in your basic analysis. From his observations on forecasters and forecasts 
this reviewer deems this to be a highly sensible point of view. The authors 
suggest that pin-point forecasts are not needed but rather “a degree of inter- 
pretation which will enable the user to anticipate the direction and to some 
degree the extent of the movement” (p. 351). 

In discussing price determination both the aggregate approach and the 
older individual commodity approach are used. No time is spent on hair- 
splitting differences or too-elaborate types of analysis. The studenis should 
get the points. Perhaps the terms supply and demand are used too broadly 
and so lack precision, but this may be justified on the grounds of teachability. 
The discussion of the “relation between cash and future prices” is not up to 
the standard of the book. Quite possibly many traders in the future’s markets 
have better bases for formulating expectations than this treatment would 
lead one to believe. In some form or other many of them have grasped some 
of the ideas which the authors later develop as to reasons for price trends. 
In discussing the general price level too much emphasis is put on banking 
and credit. Perhaps the authors do not infer causation but their treatment 
would leave such an impression in the reader’s mind. After a period when 
monetary inflations, devaluations, and many other developments have af- 
fected the levels of prices in various parts of the world, their analysis seems 
oversimplified. This may be important because in connection with the 
general price level the price analyst may find an important element which 
he may have omitted from his statistical calculations. In this area the 
authors do not seem to have done work in depth as in other phases of price 
analysis. 

On the whole this is a good job and both students and workers in the field 
of price analysis will find it valuable. 
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A Textbook of Econometrics. Lawrence R. Klein. Evanston, Illinois, and White 
Plains, New York: Row, Peterson and Company, 1953. Pp. ix, 355. 


KENNETH J. Arrow, Stanford University 


HE appearance of this book marks an important stage in the develop- 

ment of econometrics, since for the first time there is available a useful 
textbook. To say that Klein’s work is the best of its kind would be correct 
but very inadequate, since he has virtually no competition. Some other 
books, which have appeared under similar titles, are very useful in their 
own right, but they do not meet the need of a beginning course in econo- 
metrics (as opposed to mathematical statistics) presupposing a reasonable 
but not excessive knowledge of mathematics as well, of course, as a good 
knowledge of economics. 

Econometricians are very fortunate indeed that this text, which will un- 
doubtedly be the standard one for many years, is so truly excellent. Klein’s 
preeminence as a practitioner of the econometric art is well known, but one 
would not necessarily expect such an extraordinary level of didactic skill 
from a mathematically-inclined economist (although the readers of The 
Keynesian Revolution might not be surprised). 

After an introductory chapter on the econometric approach, there is a 
forty-page summary of the basic principles of mathematical statistics. While 
about as good a job has been done as is possible in the space,' I seriously 
doubt the usefulness of the attempt. The material the author seeks to cover 
requires, I would judge, about one semester to master, and no attempt to 
speed up the learning process is apt to be successful. I think it preferable to 
require a basic course in mathematical statistics as a prerequisite. 

Chapter III, entitled, “Estimation of Aggregative Models,” is in many 
respects the core of the book. A simplified macro-economic model is devel- 
oped, and the method of least squares is then introduced as the maximum- 
likelihood method of estimating one of the equations. In more general cases, 
it is noted that the problem of identification arises; the concept is rigorously 
defined and its application to linear models stated. The estimation of an 
aggregative model by the method of maximum likelihood applied to the 
whole system is then considered, with attention paid to the special cases 
where the statistical method has a simple form. The method of instrumental 
variables and the limited information method are next introduced, though 
the explicit derivation of the formulas from maximum likelihood considera- 
tions is omitted. The chapter concludes with a discussion of confidence inter- 
vals for the estimated parameters. 

The next chapter is a detailed description of the computational designs of 
the least squares, maximum likelihood full-information (under the assump- 
tion of a diagonal covariance matrix of the disturbances), and maximum 
likelihood limited-information methods. The exposition is first-rate; for a 
student, it could hardly be improved upon. 





1 Some minor errors in this chapter have been noted in the review by R. Solow, American Economic 
Review, Volume 43 (1953), 947-50. 
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Chapter V deals with some special: problems arising in the analysis of 
particular sectors of the economy. The discussion is largely carried on by 
examples, and a number of ingenious devices for linking aggregative and 
disaggregated models within the framework of maximum likelihood methods 
are discussed. These are followed by a brief but excellent discussion of input- 
output analysis from the econometric viewpoint, and by a somewhat frag- 
mentary but highly suggestive study of cross-section analysis and its interpre- 
tation, particularly in reiation to the problem of aggregation. Chapter VI is 
rather miscellaneous; it deals principally with the problem of prediction 
from an econometric model. On one statistical point I think Klein is wrong; 
an interval forecast is not a tolerance interval in the ordinary sense but 
something more like a confidence interval. That is, we say simply that the 
probability is .95 (or whatever figure we wish) that the next observation will 
fall within our interval, rather than that the probability is .95 that at least 
.80 of all future observations (with the same values of the predetermined 
variables) fall within our interval. Otherwise, however, tie discussion is 
excellent and brings together a good deal of otherwise inaccessible material. 
The last chapter deals with some special problems, such as variables meas- 
ured with error, weighted regressions from sample survey data, and seasonal 
variation and related topics. Again, the quality of the discussion is admirable 
and the material well worth presenting. 

Since this text will unquestionably be the standard one in the field, some 
critical advice to the instructor is called for. I believe it will be useful to 
supplement the present book with some readings in the recent Cowles Com- 
mission monograph edited by W. C. Hood and T. C. Koopmans,? and even 
in the earlier Cowles Commission monograph edited by T. C. Koopmans.* 
Some of the particular points I have in mind follow: 

1. Although the general definition of identification is excellent, the special 
case of linear models is treated rather quickly (though correctly), although it 
is the only one used in practice. The student’s appreciation would, I feel, be 
enhanced by the examples so well worked out by Koopmans in Monograph 
14, Chapter II. The proof of the identification criterion is rather simple and 
would not be out of place in an econometrics course at the level of the book 
under review; such a proof is given by Koopmans and Hood in Monograph 
14, Chapter VI. 

2. Perhaps the greatest weakness is the cursory handling of the distinction 
between exogenous and endogenous variables. The special role of exogenous 
variables is absolutely essential in simultaneous equations estimation; but 
Klein gives no explicit definition in terms of the probability distributions 
and only a vague verbal definition. His discussion at some points seems to 





2 W. C. Hood and T. C. Koopmans, eds., Studies in Econometric Method, Cowles Commission Mono- 
graph 14, New York: John Wiley and Sons, 1953, referred to below as Monograph 14 

*T. C. Koopmans, ed., Statistical Inference in Dynamic Economic Models, Cowles Commission 
Monograph 10, New York: John Wiley and Sons, 1950, referred to below as Monograph 10. This book 
has a not entirely undeserved reputation for incomprehensibility, but on some points no better state- 
ments have yet appeared in print. 
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imply exogenous variables are simply those which belong to the province 
of other sciences than economics,‘ as though the proper method of analyzing 
phenomena were dependent on the way we divided up their study. Formally 
correct definitions are given in Monograph 14 in Chapter I by J. Marschak 
and in Chapter VI by Koopmans and Hood, but there is little concrete dis- 
cussion of the meaning of exogeneity even there. The only really satisfactory 
treatment is that of Koopmans in Chapter XVII of Monograph 10, and this 
applies only to time series. The concept of an exogenous variable in cross- 
section analysis is tricky, though the formal definition is clear enough, and 
it may also be noted that, unlike the case of time series analysis, lagged 
endogenous variables are not necessarily predetermined. 

3. The flexibility of the limited-information method in handling estima- 
tion problems which do not conform to the strict conditions for which it 
was originally designed is not given enough stress. The handling of nonlinear 
systems by making the system linear in a new set of variables which are non- 
linear combinations of the original set is not anywhere stated as a general 
principle, though an example discussed on pp. 191-196 makes use of the 
method. Estimation when some of the predetermined variables not in the 
equation being estimated are unobservable and the use of the limited- 
information method in a good many cases where some variables are subject 
to errors of observation are two other topics worthy of mention in a course 
of this nature. The material is very well summarized by Chernoff and Rubin 
in Chapter VII of Monograph 10. 

4. The study of econometrics should really include such topics as index 
numbers and budget studies. For example, the use of Engel curves to derive 
functional index numbers, a subject to which Klein himself has made such 
an important contribution, would hardly be taken up anywhere else in the 
economics curriculum. 

These remarks should not be taken as more than advice to the user of the 
book. Some of the additional material mentioned above was not available 
to the author at the time of writing of the book. The minor blemishes noted 
should not obscure the fundamentally excellent organization, full coverage, 
realistic flavor, and clarity of presentation of the book under review. 


Bibliography on Income and Wealth, Volume II, 1948-1949. Phyllis Deane, 
editor. Cambridge: Bowes and Bowes, 1953. 37s. 6d. 


Dorornuy S. Brapy, Bureau of Labor Statistics 


5 annotated list of publications on national income and wealth, social 
accounts, national budgeting, and related subjects in the Bibliography on 
Income and Wealth, Volume II was compiled on essentially the same criteria 
of selection and classification as Volume I. The references included in the 
Bibliographies have been limited on the whole to the literature relating to 





4 “We shall place . . . in the exogenous category those variables that are wholly explained by other 
disciplines ” (p. 70). 
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the measurement of income or wealth, with the meaning of the concepts 
measured and with the interpretation or analysis of the measures. Most 
economists and statisticians engaged in studies of income and wealth are 
concerned with basic problems of measurement, the formulation of concepts 
and definitions, the accumulation of data from diverse sources ranging from 
administrative statistics to family living surveys and the adaptation of 
these data to the conceptual frame-work of a particular system of accounts. 
The greater number of entries in Volume II, as in Volume I, present national 
estimates or survey data on income, wealth, and related topics for various 
dates. 

In general, the estimates of national aggregates seem to be conditioned in 
all countries by the same limitations imposed by the nature of the source 
material, and the supply of data, and by the financing of the necessary re- 
search. The first of these conditions is apparently leading towards some uni- 
formity in the details of the national accounts for various countries under the 
influence of the various recommendations of the United Nations’ Statistical 
Commission. The second explains the variation in the volume of estimates 
among countries in possession of the source data and the technical skill 
required for their utilization in the construction of systems of national ac- 
counts. 

The discussions of concept in the writings listed in Volume II display, on 
the other hand, no clear tendencies towards the resolution of the controver- 
sies that have filled the literature on national accounts for the past two dec- 
ades or more. From the viewpoint of a statistician with a bias towards em- 
pirical methods the controversial issues can not be settled until they are 
submitted to a thorough logical analysis. The operational nature of the basic 
concepts needs clarification; the limitations on measurement should be recog- 
nized; and the distinctions between the concept specified for measurement 
and the theoretical construct of the same name should be sharply drawn. 
Until the logic of this field of measurement has been considerably refined, 
the contribution of statisticians to the improvement of the quality of the 
primary estimates will be seriously restricted. A few entries in Volume II 
discuss the potential usefulness of sample surveys for the collection of data 
needed for the purposes of national accounts and the need for developing - 
measures of the error in estimates. The statistician’s skills can not, however, 
be effectively employed until the basic concepts are made to correspond 
more simply with magnitudes that can be directly observed than is now the 
case. 

Basically the concepts specified in national accounts are synonymous with 
the operations for determining the particular measurements. National income 
analysts have adopted the tools of the accountant and are developing rules 
for their application to data from diverse sources relating to the economic 
activities of the productive units in the particular country. The productive 
units fall into three classes, business enterprises, households, and govern- 
ments. The economic activities of the three classes of units are not distinct 
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and they overlap in different ways and in varying degrees among the nations 
now attempting to accumulate national income estimates and other social 
accounts. The procedures of accounting apply directly to one class of units, 
business enterprises and such concepts as wealth, income, production, con- 
sumption, and capital formation can be differentiated in the records of the 
economic activities of these units. More or less arbitrary but fairly standard- 
ized rules have been devised for fitting such activities of other classes, house- 
holds and governments, into the same structure of measurements as overlap 
with or substitute for the activities of business enterprises. Thus the food 
the farm family consumes that otherwise might be sold by the farm business; 
the home occupied that might otherwise be rented by the owner as a land- 
lord; the goods and services provided by a public authority that elsewhere 
are produced by business enterprises can be described by essentially the 
same structure of accounting concepts. 

Difficulties arise when operational definitions are extended well beyond 
the domain of experience with their application. The Bibliographies indicate 
clearly that the scholars engaged in the measurement of national accounts 
were, as of 1949, still unwilling to cope with the fundamental limitations on 
the extrapolation of concepts beyond the region of their applicability. The 
blurring of concepts outside of the original area of definition which occurs in 
all fields of measurement is particularly well illustrated by the problems en- 
countered in describing the economic activities of “subsistence” units for the 
purposes of national accounts. The differentiation between production and 
consumption, saving, wealth, income, and similar concepts cannot be simply 
established by adopting the operational definitions that serve for the aggre- 
gation of the accounts of business enterprises. Volume II of the Bibliography, 
like Volume I, lists very few references to any attempts at measurement of 
the activities of subsistence units. The small number of entries does not indi- 
cate, however, that the analysts have rejected this domain as not susceptible 
of measurement in terms of prevailing concepts. There are as many refer- 
ences which list the failure to measure production for home consumption as 
an element affecting the accuracy of comparisons of national income esti- 
mates among countries and between dates. The absence of “data,” not a con- 
sideration of the validity of concepts in this domain, probably explains the 
small amount of research on this subject. 

The case is quite the contrary with government purchases which, beyond 
the area of activities overlapping with business enterprises, present the diffi- 
culties of extrapolation to another scale. Government accounts and balance 
sheets are not easily summarized to yield the concepts specified for aggre- 
gated accounts of a whole economy. There are a fairly large number of direct 
references, some twenty papers dealing explicitly with the introduction of 
government activities into nationai accounts and nearly half of the general 
papers on concept treat the problem. There are doubtless many ways of ex- 
plaining the apparent concentration of analysts in the years 1948-49 on the 
problems involved in fitting government activities into the structure of 
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national accounts and answering Kuznets’ questions in the preface to the 
Bibliography, Volume I, “Why do ‘official’ estimators in industrially devel- 
oped countries in recent years adhere so closely to the treatment of all gov- 
ernment purchases as final product, whereas unofficial estimators do not 
easily accept the underlying assumption? Does the former treatment permit 
greater ease in planning and budgeting governmental activities and tracing 
their impact on the short-term economic situation of the country?” 

Data in the form of government accounts do exist in most countries and 
it is not surprising to find the empirical workers concentrating on the prob- 
lems of extension and adjustment of concepts to this sector of economic activ- 
ities. The answers to Kuznets’ two questions will be given by experience with 
statistical analysis of the national estimates that have been accumulating in 
volume sufficient to warrant this Bibliography to cover the output of two 
years. 

The estimates of national product, national income, and other forms of 
social accounts have become exceedingly important in national policy, plan- 
ning and forecasting. The tools of the statistician may not, for some time to 
come, be of much use in the primary processes of data collation and estima- 
tion but in the processes of analysis the statistician has much to offer. The 
real refinements of the concepts in national accounts can be expected to come 
as experience with statistical analysis of the existing estimates, however in- 
complete, inaccurate, and inconsistent they may be, reveals the structure of 
definitions that is practically most useful for the purposes the estimates are 
intended to serve. 

The relative virtues and values of the sundry concepts for prognosis, fore- 
casting and general economic studies will probably be decided by the results 
of statistical analysis long before the scholars can agree on the identification 
of the concepts specifying the measurements with theoretical abstractions. 
The accumulation of observations and methods of empirical analysis may 
soon render some of the controversial issues obsolete, even meaningless. 
The stress, for example, on national income or some other aggregate as an 
absolute measure of “welfare,” a really vague abstraction, in the formulation 
of concepts will doubtless disappear as experience with analysis is extended 
in time and over the nations of the world. Analysis to date, it is true, can 
produce little that merits such optimism about the progress of empirical 
knowledge of the numerous economic magnitudes that fill in the national 
accounts. In particular, the much debated “‘consumption-saving function,” 
which accounts for at least 10 papers listed in the Bibliography, Volume II, 
does not seem to have produced any promising new tools of analysis. Never- 
theless, the increasing volume of estimates of national income, its variants 
and components, national wealth and social accounts has already stimulated 
new work in time series analysis and surely will lead to some new develop- 
ments in the utilization in economic analysis of observations on geographic 
areas. The estimates recorded in the Bibliography for 1948-49 cover more 
than 70 countries or colonies for varying dates or ranges of dates. Surely this 
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growing wealth of information, conveniently located through the Bibliog- 
raphies, will inspire more than a few statistical analysts to surmount the 
difficulties imposed by variability in concept and in the precision of estimates 
and devise the means of analysis. Empirical science thrives on the continuous 
revision of theoretical concepts imposed by experimental findings and the 
steady refinement of methods of measurement and analysis that result from 
these revisions. 


The Role of Federal Credit Aids in Residential Construction. Leo Grebler. New 
York: National Bureau of Economic Research, Inc., 1953. Occasional Paper No. 
39. Pp. 76. $1.00. Paper. 


SHERMAN J. Maiseu, University of California (Berkeley) 


—_ paper is a concise review of the direct impact of the Federal govern- 
ment on residential financing. Data have been gathered from a wide 
variey of sources. They have been well organized so as to give to the reader 
a clear picture of the extent of Federal intervention in the real estate financ- 
ing field. By judicious selection and analysis, the author clearly illuminates 
the possible results of these governmental policies. While the analysis is clear, 
lack of data has made it impossible to appraise fully most of the hypotheses 
concerning effects that are presented. This lack of data, together with the 
large amount of piecing together of disparate statistics required for this 
study, is a clear indication of the failure of the Federal housing agencies to 
collect and publish adequate statistics required for an accurate evaluation 
of their programs and policies. 

The paper points out that under the programs of the Federal Housing 
Administration and Veterans Administration, the government in recent years 
has insured or guaranteed between 40 and 50 per cent of loans made on new 
housing. As a result of these governmental policies, the level of house con- 
struction was probably somewhat higher than it would otherwise have been; 
the market for houses was almost certainly widened; and the costs of owner- 
ship may have been lowered. Although primarily as by-product results of 
actions taken in response to other needs, there have been important impacts 
on the type of houses built and on institutional practices in the lending 
markets. 

Many readers will find that the value of this review of policy is increased 
by a supplemental statement of the author as to the conclusions concerning 
the future that he draws from the past trends. By adding such a statement, 
the author obviously opens himself to attack from those who disagree with 
his reading of history. This reviewer feels, however, that the clear statement 
of future policy problems which may arise from the action taken to date greatly 
enhances the value of this paper. Providing, as in this case, sufficient detail 
is given to make disagreement possible, a consideration of future problems 
by an author completing a detailed analysis of the past is a valuable addition 
to the study, whether or not one agrees with the conclusions. 
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Retail Prices and the Consumer Preference. Studies in Business and Economics, 
Volume 6, Number 1. University of Maryland, College Park, Md.: Bureau of 
Business and Economic Research, 1952. Pp. 8. 


Sopu1a GoGek, Standard Oil Company (N. J.) 


HIS pamphlet contains three brief papers: “Price Variations in Men’s 

Clothing by Kind and Location of Store,” “Retail Prices, Income and 
Race,” and “Consumer Patronage of Independents and Chains in 59 Cities,” 
each consisting primarily of a summary of the data analyzed. The first com- 
pares the prices at neighborhood and centrally located specialty and depart- 
ment stores within and among eighteen cities of eleven items of men’s cloth- 
ing. The second investigates the relative prices in one negro avd three white 
(low, medium, and high rental) neighborhoods in Chicago of a selection of 
dry goods, men’s clothing, and women’s clothing. The third summarizes 
consumer preferences, in shopping for food and for drugs, as between inde- 
pendent and chain stores, and as between neighborhood and centrally located 
outlets. 

Analyses of this type would be both more interesting and more useful if 
there were more discussion of statistical problems and of the economic and 
cultural factors responsible for the behavior of the data as recorded. (The 
second paper, which does go into these matters to some extent, is much the 
best of the three.) A listing of the sources of data, where they are apparently 
secondary, would also be helpful. 


Industrial Specifications. E. H. MacNiece. New York: John Wiley and Sons, 
1953. Pp. xiii, 158. $4.50. 


J. H. Curtiss, New York University 


TS little book gives a description of several different types of written in- 
dustrial specifications now in use. The classes discussed are raw-material 
specifications, process specifications, product specifications, and purchase 
specifications promulgated by public agencies. The exposition is illustrated 
rather extensively by examples. 

The treatment is generally descriptive rather than analytical, and accepts 
current practices without criticism, constructive or otherwise. The sugges- 
tions as to the techniques of preparing specifications are largely confined to 
listing the topics which should be covered and to urging that clear language 
be employed. 

This serves a useful purpose, and the book should be an influence toward 
better specifications. On the other hand, the deeper problems of specification- 
writing are dealt with only briefly and qualitatively. The problems which the 
reviewer has in mind are exemplified by these: Should acceptance sampling re- 
quirements be included in the written specification along with design require- 
ments or should they be issued separately? Should design requirements ever 
be stated in terms of the behavior of random samples? (In several of Mac- 
Niece’s examples, this does occur.) How should laboratory research data be 
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processed so as to derive valid tolerance limits? Are inspection data better 
than laboratory data for this purpose? And so forth. MacNiece handles prob- 
lems of this sort largely by generalities, such as “Quality control and indus- 
trial specifications are blood brothers, and each depends on the other.” 

But the choice of subject matter is always an author’s prerogative. The 
fact that this little volume is non-technical makes it easy to read, and Mac- 
Niece writes fluently and well. Quite apart from its intended use, the book 
should provide some useful case-history material for teachers of quality 
control and industrial management. 


Analysis in Dental Research. Neal W. Chilton. Washington, D. C.: Office Tech- 
nical Services, U. 8. Department of Commerce, 1953. Pp. 216. 


GrEoFFREY BEALL, University of Connecticut 


HIS introductory text on statistics is devoted entirely to data obtained in 

dental studies. One’s first impression is to regret that not only must we 
accept the modern departmentalization of knowledge but must suppose 
modern man incapable of transferring mental operations from one field of 
fact to another. On second thought, the dental student, research worker, and 
clinician will indeed enjoy a book where statistics is so richly illustrated in 
their terms. The book bears the marks of having been tried and proven in 
class; the discussion is pleasant and reasonable. 

The general treatment shows the mark of being unduly influenced by the 
extensive and varied literature of texts introducing statistics. Thus, in con- 
nection with the calculation of a standard deviation from a sample, the 
author follows the very old and curious procedure of recommending a biased 
estimate, having divisor N, when N is greater than 30. On the other hand, 
as in connection with concepts of chance variation and the binomial dis- 
tribution he is influenced by the vogue of the moment which would circum- 
scribe statistics to an elaboration of combinatorial probability. This con- 
fusion of position does not help general organization. Thus correlation is pre- 
sented in an infelicitous manner involving the estimation of standard devia- 
tions and means. It should, in the present context, be reduced to a form in- 
volving only sums of various kinds. An unhappy mixture occurs in the dis- 
cussion on frequency graphs together with the general nature of numbers and 
the presentation of time series. 

Various particular faults may be found. Thus the discussion of the mode 
is confusing since the term is not used in the ordinary statistical sense but 
here means the most common class. The author gives a lengthy and involved 
discussion of ‘normal curve analysis of the four-fold table” without appar- 
ently realizing that he has calculated a value of chi (not squared). He then 
goes on to presentation of the contingency for the 2X2 table to get chi- 
squared. In neither case does he include Yates’ correction for discontinuity. 

In spite of faults the book still has practical virtues. It concerns itself first 
with the analysis of qualitative data and then with quantitative data as a less 





402 AMERICAN STATISTICAL ASSOCIATION JOURNAL, JUNE 1954 


common even if more happy situation. The author does not stress the ¢-dis- 
tribution but considers tests of various kinds on a simple normal basis, al- 
though he devotes a terminal chapter to a very satisfactory discussion of the 
t-test and analysis of variance. 


Intrastate Migration in Michigan: 1935-1940. Amos H. Hawley. Michigan Gov- 
ernmental Studies No. 25: Ann Arbor: University of Michigan Press, 1953. Pp. 
199. $1.50. Paper. 


JoHN Fouger, Southern Regional Education Board 


—_ is a book of facts about migrants in Michigan. As an example of pure 
empiricism it is outstanding, description hardly ever giving way to an- 
alysis or interpretation. A good index of the descriptive nature of the work 
is the fact that it contains 106 tables, 28 figures, and only one reference to 
any other study in the field of migration. 

Hawley is to be commended for the workmanlike job of reducing the tre- 
mendous amount of detailed data contained in the subregional tabulations 
of migration to understandable proportions. But the study never goes beyond 
the initial framework provided in the Census data. No interpretation is given 
either by comparison with migration in other times or places or in terms of 
conditions or changes in the subregion of origin or destination. The student 
of population seeking new theories of migration or new tests of old hypothe- 
ses will be disappointed. The facts are there, and all of the pleasure and hard 
work of assessing their meaning is left to the reader. 

The measures of migration used are all easily understood, proportions 
and simple rates being employed throughout most of the book. Greater use of 
more refined rates and indirect standardization techniques would have been 
valuable in removing the effects of differences in characteristics between mi- 
grants and nonmigrants when studying the differences in other characteris- 
tics. For example, how much of the difference between migrants and non- 
migrants in marital status is attributable to age differences between the 
migrants and the total population? While adjusted rates and proportions are 
harder for the reader to comprehend, they are almost a necessity in the proc- 
ess of untangling the complex of variables associated with the process of 
migration. 

It is this reviewer’s hope that future studies of migration utilizing the rich 
detail of the subregional tabulations will be able to perform both the compe- 
tent summarization of the data that Hawley has provided, and a systematic 
testing of hypotheses about migration and the characteristics of migrants. 


Sample Surveys of Current Interest. (Fourth Report.) Statistical Papers, Series 
C, No. 5. New York: Department of Economic Affairs, Statistical Office of the 
United Nations, March 1952. Pp. 56. Paper. 50 cents. 


Haron Nissexson, Bureau of the Census 


HIS Report is the fourth and latest in a more or less annual series begun 
in 1948 at the suggestion of the Sub-Commission on Statistical Sampling 
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of the United Nations Statistical Commission, “to assist those interested in 
the application of modern sampling techniques by making available, in sum- 
mary form, the experiences gained by varior tatisticians and statistical 
organizations in the field.” Altogether, 33 of tl.< 60 U.N. countries are repre- 
sented in one way or another in the four Reports published to date. Perhaps 
not unexpectedly, there have been no reports from Russia nor from any of 
the “Iron Curtain” countries except Czechoslovakia (twice), Hungary 
(twice) and Poland (once). The projects reported are presumably not to be 
taken as a proper sample of all sample surveys being carried out in the 60 
U.N. countries. However, the general impression left by the Reports is that 
the ideas and techniques of modern probability sampling have achieved a 
rapid and wide circulation, both geographically and in subject matter dealt 
with. On the other hand, hardly any reference is made to non-sampling errors 
in surveys. It is clear that elsewhere, as in the U.S.A., the general theory of 
survey design—in contrast to its sampling phases—is in a relatively unde- 
veloped state. 

The information for these Reports is obtained by circularizing the national 
statistical offices of all U.N. countries (in the U.S., the Division of Statistical 
Standards, Bureau of the Budget, Executive Office of the President), with 
dependence on the cooperation of those offices for replies. The reports, there 
fore, have three characteristics. First, they appear to include only work of 
official and quasi-official (e.g., The Indian Statistical Institute) organiza- 
tions. Second, not all current projects are reported, as is explicitly noted for 
India, the U.K., and the U.S.A., and the selections may be considered some- 
what arbitrary. Third, the project descriptions do not completely adhere to 
the recommendations of the Sub-Commission itself.1 Information such as 
variances of sampling units or unit costs is scanty; and the summaries tend 
to be long on description and short on evaluation. (The U.S.A. is not out- 
standing in these respects.) Statisticians interested in technical details of 
the design of a given project, or in a realistic evaluation of the experience in 
carrying the project out, will therefore generally need to write to the United 
Nations Statistical Office or the sponsoring organization for further informa- 
tion. Nevertheless, the Reports do provide a compilation in a single place of 
some of the more important official sampling projects being carried on in 
various countries, many of which have not been published as papers on 
sampling. For example, the present Report contains the only published state- 
ment currently available on the applications of sampling in the enumeration 
and processing of the 1950 Censuses of Population and Housing. For this 
purpose the Reports are more comprehensive, and should be more useful, 
than specialized listings presently appearing in scattered journals. It pre- 
sumably lies with statisticians themselves to decide how useful this series 
may be; and, by their cooperation to remedy any short-comings in the Re- 
ports. 





1 “The Preparation of Sampling Survey Reports,” Statistical Papers, Series C, No. 1, Statistical 
Office of the United Nations. 
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Age and Achievement. Harvey C. Lehman. Princeton, N. J.: Princeton Univer- 
sity Press, 1953. Pp. xiii, 359. $7.50. 


Leona E. Tyter, University of Oregon 


4 pm often in psychology research workers have made generalizations that 
extend far beyond the evidence their data present. This book is a striking 
exception. Its 331 pages with their 170 graphs and 61 tables are all related in 
some way to the important question, “What are man’s most creative years?” 

What the author has done is to analyze facts reported in standard reference 
books with regard to the ages at which great men have made their outstand- 
ing creative contributions. Science, philosophy, music, art, and literature 
have all come under his scrutiny. The result is a large number of curves, each 
of which shows the average number of important contributions for each five- 
year age period in the area of human achievement to which it applies. All of 
these curves are placed on the same scale by the simple device of reducing the 
figures to percentages. Whatever its absolute value, the highest number, 
representing the peak age interval, becomes 100 per cent and the others 
take lesser values accordingly. Other statistical information is given in ex- 
tensive tables so that the reader can quite easily locate numbers of cases, 
medians, means, and standard deviations for the various distributions. The 
discussion emphasizes the modal values, the peaks of the curves, more than 
anything else, but the other figures are not ignored. The derivation of basic 
data from biographical dictionaries insures freedom from bias since such 
figures were compiled by men who were not concerned at all with this par- 
ticular question. 

In addition to his discussions of the central problem, the author includes 
some chapters on supplementary issues, such as the relationship between 
early achievement and total output, and comparisons of age trends in earlier 
and later periods of history. 

Several conclusions are drawn from the data presented. First of all, the 
vast majority of the curves show a remarkable similarity. The peak occurs 
early, most commonly in the 30’s, but as low as the 26 -30 interval for chem- 
istry and as high as the 40—44 interval for light opera and musical comedy, 
for “‘best books,’’ and for metaphysics. All curves show a gradual decline, 
with some achievement indicated even into advanced ages. It is perhaps note- 
worthy that the data for sports and for such activities as chess show the same 
trends as the others. Championships are won most frequently by persons 
under 36. 

Secondly, when the works agreed by most critics to be of the very highest 
quality are singled out for special attention, the curves drawn from these 
figures show earlier peaks and a more rapid descent than do those for the 
less selective distributions. This finding is stressed again and again. The more 
quality as distinguished from quantity is considered, the younger is the aver- 
age age at which it is achieved. 

Thirdly, data for incomes and for positions of leadership produce curves 
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which are quite different from those for creative achievement. Their peaks 
occur most commonly at ages of 50 and higher. 

The author does not present any one type of explanation for these findings. 
He reminds us periodically that these are not biological curves representing 
the rise and decline of vigor or intelligence in any one individual, although 
if there were such developmental trends they would reflect themselves in 
this way. The extensive documentation in Chapters 13 and 14 with regard 
to outstanding contributions made at very early and at very advanced ages, 
as well as the evidence that trends have changed somewhat from one histori- 
cal period to another, argue against a purely biological explanation. There 
are a number of other possible causes centering around motivation and 
around the circumstances in which great men typically find themselves at 
different periods of life, These are listed in detail in the last chapter. 

It is possible to criticize Lehman’s report on two counts, one rather super- 
ficial, the other less so. First, it would have made better reading if the author 
had worked over and reorganized his material instead of simply combining 
into a book chapters that had already been published as journal papers. 
There is a great deal of repetition from chapter to chapter, as things stand, 
and the same points are made again and again. Second, the statistical work 
is confined entirely to descriptive statistics. Our judgments must be based on 
a scrutiny of the figures and tables, without benefit of significance tests of 
any kind. So far as the main question is concerned, this is probably satis- 
factory, since the position of the “peaks” is easily determined by inspection. 
But other questions would seem to call for tests of the statistical significance 
of differences. How similar are various curves in shape? Is there really a 
tendency toward bimodality as many of the figures in the first few chapters 
would suggest? Is the change from an earlier to a later period, as discussed 
in Chapter 18, significant? It is unfortunate that Lehman’s interest in the 
shape of the age curve has in some instances led him to give us data to which 
significance tests cannot very well be applied. For instance, in order to show 
peaks clearly, five-year intervals were selected in different ways for different 
bodies of data. Thus for German lyrics and ballads, the intervals are 17-21, 
22-26, 27-31, etc. instead of the 20-24, 25-29, 30-34, etc. which are used in 
most of the tabulations. Distributions set up in this way with intervals 
chosen after inspection would not be statistically comparable. Another in- 
stance occurs in Chapter 18 where the conclusions about historical periods 
would be strengthened by significance tests. What Lehman has done in each 
of his groups is to compare curves for the 50 per cent born earlier and the 50 
per cent born later. The result is that the actual historical period represented 
varies from one comparison to the next. For example, a geologist born in 
1800 is included in the “early” group, whereas a mathematician born in the 
same year appears in the “later” group. Thus different groups of scientists 
could not very well be combined. 

These criticisms, it is true, apply to only a fraction of the data presented. 
Other workers wishing to test various hypotheses about age trends in achieve- 
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ment will find this book a mine of information. Much use can probably be 
made of means and standard deviations as given in the various tables. While 
we can wish that the author had gone further in using this large body of data 
to enlighten us as to why these trends appear, we can at the same time be 
grateful to him for digging out the figures which show the trends themselves 
so plainly. 


Backgrounds of Human Fertility in Puerto Rico: A Sociological Survey. Paul K. 
Hatt: Princeton: Princeton University Press, 1952. Pp. xxiv, 512. $5.00. Paper. 


Henry S§. Suryrock, Jr., Bureau of the Census 


H1s book is the first and most general report of a field survey conducted 

in 1947 under the auspices of the Office of Population Research, Princeton 
University, and the Social Science Research Center, The University of 
Puerto Rico. The study was designed to “throw light upon those basic atti- 
tude patterns and life conditions which affect fertility levels in Puerto Rico.” 
Its conceptual design has much in common with the 1941 Indianapolis 
Study of Social and Psychological Factors Affecting Fertility. 

The probability sample used by the Insular Bureau of Labor Statistics in 
its monthly survey of the labor force provided a prelisting from which the 
present sample was drawn. Of all listed households, 92 per cent were located 
and at least one adult interviewed. Within these households 92 per cent of 
the adults were interviewed so that about 85 per cent of the adults covered 
by the original list were probably interviewed. The actual sample was 
checked for representativeness against the 1940 Census and by comparing 
households missed with neighboring households. There were moderate biases 
in the direction of the exclusion of youths and the economic extremes. 
(Data from the 1950 Census, which have subsequently become available. 
indicate somewhat less bias in the sample with respect to the sex and age of 
adults.) 

The supervisors of the field work were social science graduates. The 65 ex- 
perienced interviewers, all of them women, were given two days’ training 
plus a conference after two practice interviews. The schedule was pretested 
upon Puerto Rican women living in New York. The final forms, as well as 
the instructions to the enumerators, are reproduced in appendices, although 
only in the original Spanish. This rather long and intensive schedule con- 
sisted of several parts: form 1 applying to each household, form 2 to each 
person 15 years old and over, and forms 3 and 4 to each person who had had 
any kind of marital experience (legal, consensual, or concubinal). On the 
other hand, the 1950 Census question on children ever born was asked of all 
women, including the single; and the over-all nonresponse rate was quite low. 

After an initial chapter on “‘Methodology,” the next four chapters are 
entitled, “The General Patterns of Social Conditions and Social Attitudes,” 
“Socio-economic Status: Rental Value and Educational Level,” “Rural- 
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urban: Birth and Residence,” and “Age Differences,” respectively. These 
chapters treat the relationships among various background factors but do 
not deal with measures of actual fertility. The relationships are examined by 
tetrachoric correlation, with partial and multiple as well as zero order coeffi- 
cients being presented. In many instances there would seem to have been 
enough cases to permit further cross-classification, which would have been 
more satisfactory than holding a factor “constant” through partial correla- 
tion. 

The factors brought into this correlation analysis include attitudes toward 
a number of social questions, including, among others, the desirability of con- 
sensual marriage for both men and women, ideal age at marriage, and ideal 
size of completed family. The attitude measures themselves are examined in 
several interesting ways (for example, ideal age at marriage is compared with 
own actual age at marriage and number of children desired for daughter is 
compared with the woman’s own actual fertility). The attitude questions and 
the construction of the measures based on them seem relatively primitive 
after the reports of the Research Branch, Information and Education Divi- 
sion, War Department, although it must be allowed that little had been pub- 
lished by Stouffer and his associates on their methodology by the time the 
present study was designed. (The reviewer suspects that the rathei disap- 
pointing findings of the Indianapolis Study concerning the effects of psy- 
chological factors on fertility would be replaced by much more positive re- 
sults could this new apparatus of attitude research be employed.) 

Tetrachoric correlation is also employed extensively in the chapter on 
“Differential Fertility,” which contains much of the meat of the study. It 
seems unfortunate that, for mechanical considerations of processing the data, 
fertility is expressed in terms of pregnancies rather than of live births, since 
the latter were probably reported more accurately. Robert Osborn, Jr., has 
contributed a long chapter on “The Trend in Fertility,”’ using mostly cohort 
analysis of the survey data but also pertinent census data and vital statistics. 
The downward trend that he is trying to measure seems to be a recent and 
slight one—less pronounced, for example, than the downward trend of fertil- 
ity in the British Caribbean possessions. This kind of job needs to be done, 
but it is often thankless work because many readers are frustrated by the ab- 
sence of definite conclusions as to the size of the various suspected biases and 
their net effect. Osborn is dealing with data that just do not yield such con- 
clusive answers, however. 

In conclusion, this book represents a sound job by the late Professor Hatt 
and his associates. Their findings are interesting and significant. Insular 
attitudes toward such things as family limitation, ideal size of family, ideal 
age at marriage, education wanted for children, and the emyJoyment of 
women outside the home are surprisingly like those on the mainland but also 
greatly at variance with current practices in Puerto Rico. If only a part of 
these changing attitudes can be translated by the oncoming generation into 
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actual conduct, there would be a very substantial drop in the high fertility 
levels now prevalent. From the standpoint of statistical methodology, this 
study contains few innovations; but the report does demonstrate that a 
fairly complicated kind of sample survey can be successfully carried out in 
this kind of underdeveloped area. 


An Approach to Measuring Results in Social Work. David G. French. New York: 
Columbia University Press, 1952. Pp. xiv, 178. $3.00. 


Joun E. Watsu, U. S. Naval Ordnance Test Station 


es book is a report on the 1950 Michigan Reconnaissance Study of Eval- 
uative Research in Social Work, which was sponsored by the Michigan 
Welfare League and financially supported by the James Foster Foundation. 
“Evaluative research” refers to research performed to evaluate a practice 
or a policy. The book is not itself a piece of evaluative research but rather a 
survey of the possibilities in applying evaluative research to social work. 
Although carried out with reference to social work in Michigan, the analysis 
and recommendations are believed to have general applicability. The pres- 
entation is both logical and lucid. 

Three general procedures were used in performing the Reconnaissance 
Study. First, factual information which appeared to have application to the 
planning of a research program in social work was assembled for the field of 
research and for the field of social work. Second, the available literature 
dealing with the general field of applied research, with emphasis on social 
science research and social work, was reviewed. Finally, both individual and 
group conferences were held to supplement the available printed information. 
These conferences were used to obtain suggestions and observations as well 
as to test portions of the analysis and conclusions developed during the study. 
As the study progressed, the emphasis shifted from evaluation to research. 
This was due to the great difficulties involved in performing valid and useful 
research in the social work field. However, the evaluation aspect was retained 
as a meeting place for the practical concerns of the social worker and the more 
theoretical attitude of the researcher. 

An outline of the content of the seven chapters of the book furnishes a 
good indication of the approach used in the Reconnaissance Study. Chapter 
I describes the general motivation which led to the study. Chapter II con- 
siders the situation in Michigan and emphasizes the large financial invest- 
ment in social work (approximately $125,000,000 in Michigan for 1950). 
Chapter III states some general types of questions which professional and 
lay persons raise concerning social work and studies these questions from 
the viewpoint of planning a research program. Chapter IV analyzes what is 
involved in doing evaluative research. Four representative evaluation studies 
in social work were reviewed to determine their strong and weak points. 
Chapter V considers the relationship between theoretical and applied re- 
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search as a basis for planning a research program in social work. Chapter VI 
states eight criteria which are believed to be important for any continuing 
program of research in social work and outlines an administrative setting 
which appears capable of satisfying all the criteria. Chapter VII extends the 
general considerations of the preceding chapter into some moderately specific 
suggestions concerning the establishment of an institute for research in social 
work. 

The four methodology analyses of evaluation studies considered in Chap- 
ter IV are themselves of interest. Only the study title, the authors, and the 
person making the analysis are stated here: (1) ‘“Measuring Results in Social 
Casework: A Manual on Judging Movement,” by J. McVicker Hunt and 
Leonard 8S. Kogan with analysis by John G. Hill. (2) “Changing Attitudes 
Through Social Contact,” by Leon Festinger and Harold Kelley with analy- 
sis by Leon Festinger. (3) “An Experiment in the Prevention of Delin- 
quency,” by Edwin Powers and Helen L. Witmer with analysis by Helen L. 
Witmer. (4) “Unraveling Juvenile Delinquency,” by Sheldon and Eleanor 
Glueck with analysis by Alfred J. Kahn. 

The principal recommendation of the book is that an appropriate location 
for research in social work is as an institute which is part of a graduate pro- 
fessional school of social work in a university. This recommendation is moti- 
vated by the criteria of Chapter VI and seems to be both reasonable and fea- 
sible. The specific suggestions and financial estimates given in Chapter VII 
for the establishment and staffing of such an institute for research in social 
work also appear to be reasonable. 

This book represents a well-thought-out first approach to the problem of 
obtaining valid quantitative information in the important practical field of 
social work. The basic difficulties are clearly recognized and no attempt is 
made to underemphasize their magnitude. Slow progress is anticipated in 
attaining even moderate objectives. 

Evidently the development of research practices and theories which have 
practical value for social work would require a large amount of time, effort, 
and money. However, the great scope and importance of social work would 
seem to indicate that the eventual gains from a well-founded evaluative re- 
search program would far offset the investment involved. This has been the 
case in many other practical fields and there is no indication that the social 
work field represents an exception. 
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